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with  a  “behind-the-scenes”  Scanner  Radio  from 

Radio  Shack! 


Realistic®  scanners  seek  and  tock-in  on  exciting  police,  fire  and 
emergency  calls,  even  continuous  weathercasts*  There’s  one  to 
cover  the  “action"  in  your  area  — 10  models  in  all. 
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On  VHF  H<-Band  Stations  not  in  alt  localmes 


The  PRO-16— a  Super  Scanner 
for  the  ultimate  at-home 
or  mobile  listening  post 
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PRO-6  — VHF-Hi  and  VHF-Low 

Continuously,  automatically  scans  up  to 
4  crystal-controlled  channels  on  143-174 
or  30-50  MHz  It  stops  on  each  active 
channel  until  the  conversation  ends,  then 
resumes  scanning  You  don  t  miss  a  thing 
—  it's  like  4  radios  in  one!  Lighted  channel 
indicators,  switches  for  bypassing  any 
channels,  scan/manua!  switch,  variable 
volume  and  squelch,  built-in  speaker  and 
antenna,  earphone  jack  With  4  “  AA  cells. 
Requires  up  to  4  crystals  420-171 

PRO-5  — UHF  'Metro'1  Band 

Same  as  the  PRO-6,  but  covers  450-470 
MHz  now  used  in  many  larger  cities  Re¬ 
quires  up  to  4  crystals  420-169 

Accessories  Available.  Plug-in  antenna, 
12VDC  adapter  or  AC  adapter/ battery  / 
charger,  nickel  cadmium  batteries 


OVER  2000  PRODUCTS 
EXCLUSIVES  ON  EVERY  PAGE 
BEAUTIFUL  FULL  COLOR 
Stereo  •  Quadraphonic  'Phonographs 
TV  Antennas  'Radios  'Citizens  Band 
Kits  'Recorders  'Tape  'Tools 
Auto  Tune-Up  'Electronic  Parts 
Test  Instruments  'More! 


pages  ol  the  fines!  »n 
home  and  hobby  electronics 
Respected  brand  names  like 
Realistic.  Micronta  Archer 
Science  Fair  —  and  they  re 
available  only  ai  Radio 
Shack  slo res  and  dealers 
nationwide1  S  ee  what  s  realty 
new  in  electronics  by  getting 
this  catalog  now 


SEND  FOR  YOURS  TODAY! 
FILL  OUT  COUPON  BELOW 


1976  Mail  to  Radio  Shack.  P  Q  Ron  1052 
Catalog  F|  Worth,  Toxns  76101  (Please  print  ) 


Scans  up  to  16  crystal-controlled  channels,  in  any  combination,  on 
30-50  and  148-174  MHz  VHF  and  450-470  MHz  UHF.  Like  16  radios 
in  one!  Lockout  buttons  and  indicator  lights  for  each  channel,  manual 
selector,  squelch,  variable  scan  rate,  scan-delay  m/out  button,  12 
VDC/12Q  VAC  operation,  mobile  mounting  bracket  Requires  up  to 
16  crystals  U  L.  listed  **20-165 


Pocket  Size,  *|<|r|g5 
Both  Models  I  I  *7  each 


FREE  New  1976 

Radio  Shack  Catalog 
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Master  Charge  or 
Bank  Americard  a  I 
participating  stores 


A  TANDY  CORPORATION  COMPANY 


OVER  3000  STORES  •  50  STATES  *  7  COUNTRIES 

Retail  prices  may  vary  -al  individual  stores 


CIRCLE  ND  19  DN  READER  SERVICE  CARD 
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STURDY  ANODIZED 
ALUMINUM  CASE 
PHOTOGRAPHED 

ACTUAL 

SIZE 
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DIGITAL  STOPWATCH  KIT 


★  BRIGHT  6  DIGIT  LED  DISPLAY 
1/100  SEC.  TO  ONE  HOUR 

★  HIGH  ACCURACY  .003  % 
CRYSTAL  CONTROLLED 

★  4  FUNCTIONS 
STANDARD.  SPLIT.  RALLY 


n:  AND  SEQUENTIAL 


FOR  SINGLE,  MULTI-LEG, 
OR  INTERUPTED  EVENTS 

★  24  HOUR  TIMEKEEPING 
CAPABILITY 

★  OPTIONAL  NICADS 
AND  CHARGER 
$10.00  ADDITIONAL 


ONE  EVENING 
ASSEMBLY 


I 
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ALPHA  ELECTRONICS  oept.i 


PO  BOX  1005  MERRITT  ISLAND  FLA.  32952 

305-636-6951  Wmm] 

TELEPHONE  IN  YOUR  BANKAMERICARD 
'ALPHAKIT'  ORDER  WMMi 


master  charge] 

ThC  INTERBANK  C A AD 


DIGITAL  MULTIMETER 


FEATURED  COVER  DECEMBER  '74  POPULAR  ELECTRONICS 


AUTO  ZERO 
AUTO  POLARITY 


★  FIVE  FUNCTION  DC  VOLTS  1MV  TO  600V, 

AC  VOLTS  1  MV  TO  300V,  DC  CURRENT  luA  TO  2A, 

AC  CURRENT  1„A  TO  300MA,  OHMS  1  OHM  TO  6M 

★  EXCEPTIONAL  ACCURACY 

.1%  OHMS  &  DC  VOLTS,  1%  AC/ DC  CURRENTS,  ACV 

★  OPERATES  ON  5  VOLTS,  4  AA  NICADS 

★  COMPLETE  KIT  OF  PARTS  LESS  TEST  LEADS  &  BATT. 
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Messenger  123B  23-channel 
mobile  with  +/-  ground  switch 


Messenger  130  and  132 

‘ '  Th  e  rad  i  ot  e  lephone  CB  System  * s 
with  private  listening  option 


tv  r  i  te  fo  r  /  re  e  ca  t  a  io  g 

E.F.  Johnson  Co* 

Waseca.  Minnesota  5G093  *  In  Canada;  A.  C,  Simmonds  &  Sons,  Ltd. 


Speech  Compression  is  built  4n  every  Johnson  CB  radio. 

State-of-the-art  circuitry  electronically  selects  voice  frequencies 
that  penetrate  noise  and  interference .  - .  then  boosts  the  level  of 
modulation  to  give  your  signal  that  powerful  "Johnson 
sound/’  It's  one  of  many  engineering  advances -like 
receiver  "steep  skirt’1  filtering  to  cut  interference  and 
automatic  threshold  limiting  to  slice  qpt  noise  —  that 
gives  U.S. -made  Johnson  CB  that  extra  edge  of 
performance.  Performance  that’s  backed  by  a  full 
1-year  parts  and  labor  warranty  with  over  700 
authorized  service  centers  nationwide. 


Messenger  250 

100%  solid-state  base  station 
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CB’ers  of  the  future  may  someday  find  Damocles’s  Sword  hanging 
over  them  in  the  event  they  abuse  the  Service’s  rulings  (transmitting 
foul  language,  exceeding  the  five-minute  communication  limit,  not 
using  station  callsigns,  ’’skip"  communications,  etc). 

If  the  FCC’s  Docket  No.  20351  is  ever  put  into  effect,  all  new  CB  gear 
will  be  fitted  with  an  automatic  transmitter  identification  system  (ATIS) 
that  will  spew  out  callsigns  in  coded  form.  The  ATIS  identifier  would 
only  be  mandatory  for  new  transmitters  placed  in  service  one  year  after 
the  final  rules  are  adopted.  CB  manufacturers,  as  well  as  manufacturers 
of  other  transmitters  in  the  Safety  and  Special  Radio  Service,  would 
then  be  compelled  to  include  an  ATIS  in  each  new  transmitter.  The 
encoding  of  the  callsign  into  the  ATIS  would  have  to  be  performed  by  a 
first-  or  second-class  commercial  radiotelephone  licensee  or  the 
manufacturer.  (Note:  ATIS  installation  and  design  require  that  the 
transmitter  will  not  function  unless  this  is  done.) 

The  proposed  system  is  alphanumeric.  It  would  be  binary  coded  in 
ASCII  (American  Standard  Code  for  Information  Interchange),  with  the 
station’s  callsign  transmitted  automatically  at  the  beginning  and  the  end 
of  each  transmission  and,  if  transmission  exceeds  30  seconds  duration, 
once  each  thirty  seconds.  The  ATIS  information  would  be  applied  to  the 
carrier  by  audio-frequency  shift  keying  (AFSK)  85  Hz  above  and  below  a 
1200-Hz  center  frequency,  with  “0”  being  1115  Hz  and  “1”  being  1285 
Hz.  Transmission  of  the  22-character  code,  which  also  includes  the 
gear’s  serial  number  (how’s  that  for  a  theft  deterrant?),  is  suggested  at 
a  rate  of  100  bauds  (a  baud  is  a  pulse  per  second).  Accordingly,  each 
code  transmission  would  consume  about  1/4  to  1/5  of  a  second.  You’ll 
hear  it,  of  course.  However,  the  ATIS  will  not  eliminate  the  operator’s 
need  to  identify  transmissions  vocally  as  presently  outlined  in  the  FCC’s 
Part  95.95  Rules  and  Regulations. 

The  proposal  is  certainly  interesting.  It  would  have  the  advantage  of 
exposing  those  CB’ers  who  flagrantly  violate  the  operating  rules  in  one 
way  or  another.  Equally  important,  it  would  doubtlessly  motivate  these 
people  to  operate  according  to  the  rules  (which  promise  to  be  loosened 
in  the  near  future).  Although  the  fractional-second  “brrrrp”  audio  code 
that  would  sound  whenever  one  presses  or  releases  the  mike’s  “talk” 
button  might  be  a  slight  irritant,  it  would  serve  a  most  useful  purpose.  It 
would  also  alert  the  receiving  party  that  transmission  had  ended. 
Naturally,  ATIS  would  add  a  few  dollars  to  cost,  but  one  can  easily  chalk 
that  up  to  a  one-shot  insurance  premium  cost. 

There  might  well  be  other  objections,  considerations  and  suggestions 
from  various  parties.  For  example,  should  a  subaudible  system  be 
adopted;  will  the  proposed  system  be  compatible  with  future  designs 
for  nonvoice  control  functions  such  as  selective  calling,  repeater 
control,  and  so  on?  Time  will  tell. 
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POPULAR  ELECTRONICS 


New  2X«,  .Heathkit  digital-design  Color  TV 


Popular  Electronics  editors  called  the  digital-design  GR-2000  “the 
color  TV  of  the  future.”  Now  you  can  enjoy  the  same  technology  and 
features  in  the  new  GR-2050  with  the  convenient,  popular  21-inch  pic¬ 
ture  tube. 

On-screen  electronic  digital  channel  numbers— big,  bright,  bold,  and 
easy  to  read,  even  from  across  the  room.  On-screen  electronic  digital 
clock  time  — low  cost  insurance  against  missed  programs.  In  12  or  24 
hour  format,  4  or  6  digits.  Silent,  electronic,  touch-tuning,  thanks  to 
the  combination  VHF-UHF  varactor  tuner.  No  knobs  to  turn,  nothing  to 
wear  out.  Just  touch  to  tune... on  the  front  panel  or  the  Remote.  Pro¬ 
grammable  digital  counter/channel  selector  — a  computer-like  pro¬ 
gramming  board  for  you  to  pre-program  any  16  stations,  UHF  or  VHF, 
or  both,  in  any  order,  even  repeating  if  you  wish.  Touch  the  tune  but¬ 
ton  and  the  counter  silently  sweeps  up  or  down  through  all  16  chan¬ 
nels,  stopping  when  you  release  the  button. 

Exclusive  fixed  ten-section  LC  bandpass  filter— does  away  with  ad¬ 
justed  traps  yet  eliminates  interference  from  adjacent  channel,  etc.  And 
it  never  needs  instrument  alignment.  u 

100%  solid-state  — with  more  ICs  than  any  other  set  and  a  black  nega¬ 
tive  matrix  picture  tube  for  brighter,  more  vivid  pictures. 

Easy  to  build  with  modular  circuits.  Easy  to  service  with  built-in  digi¬ 
tal  dot  generator,  check-out  meter,  and  slide-out  service  drawer.  Build 
the  GR-2050  TV  of  the  future... Remote,  $89.95.  Cabinets  from  $119.95* 


599.95 


less  cabinet 


Power  Supply  provides  acceleration  and 
braking  of  unsurpassed  realism  plus 
power  for  two  HO  or  N-gauge  engines 
and  accessories.  Throttle  slide  control 
plus  5-position  Brake  switch  (Run,  Re¬ 
lease,  Normal,  Quick-Service,  Emer¬ 
gency),  and  Mode  switch  (Momentum  or 
Direct).  Adjustable  pulse  width  and  fre¬ 
quency  allow  accurate  control  at  low 
speeds,  eliminate  “jack  rabbit”  starts. 
Voltage  control  optimizes  for  each  en¬ 
gine.  One  circuit  board;  builds  in  two 
evenings.  Kit  RP-1065,  $79.95*. 


New  2V2 -digit  Heathkit  DMM— only  $79.95 

Full  function  capability.  Four  overlapping  AC  &  DC  voltage  &  current  ranges  plus 
five  resistance  ranges  with  accuracy  of  1%  on  DCV,  1.5%  on  ACV,  1.5%  on  AC 
&  DC  current,  and  2%  on  resistance.  Ranges:  (full  scale)  DCV,  2,  20,  200, 1000V; 
ACV,  2,  20,  200,  700V  rms  (25  Hz  to  10  kHz);  DC  current,  2,  20,  200,  2000  mA; 
AC  current,  2,  20,  200,  2000  mA  (25  Hz  to  10  kHz);  Ohms,  200,  2k,  20k,  200k, 
2000k  ohms.  Lighted  panel  indicators  show  overrange,  positive  and  negative  DC 
voltages  and  current  at  a  glance.  All  solid-state  design  uses  1C  circuitry  for  a 
clear  non-blinking  display  with  up-date  every  16  msec.  One  megohm  input  im¬ 
pedance  with  overload  protection  on  all  ranges;  automatic  decimal  positioning; 
isolated  floating  ground;  universal  banana  jack  inputs;  120  or  240  VAC  opera¬ 
tion;  one  circuit  board  for  easy  assembly;  blue  &  white  heavy-duty  metal  case. 
Kit  IM-1 21 2,  $79.95;  Assembled  SM-1 21 2,  $125*. 


New  Digital  Tachometer  is  faster  than 
any  meter-type  tach.  Numbers  whirl  by 
to  show  peak  performance  level  your 
engine  reaches.  Great  for  monitoring 
best  cruising  RPM  for  your  car,  camper, 
boat  (inboard  or  outboard),  planes,  cy¬ 
cles,  mowers,  tractors,  even  stationary 
engines.  2-digit  electronic  readout  shows 
RPMs  from  100  to  9900  in  100  RPM 
steps.  For  4,  6,  or  8  cyl.t  4-cycle  engines; 
2,  3,  or  4  cyl.  2-cycle  engines;  2,  3,  or 
4-rotor  Wankel  engines;  conventional, 
C-D,  or  factory  electronic  ignitions  (12  v. 
neg.  grnd.  only).  Black  die-cast  case  with 
bracket.  Kit  CI-1079,  $49.95*. 


New  Breakerless  Ignition  Adapter  devel¬ 
ops  timing  signal  electronically  so  your 
car  is  timed  correctly  at  all  speeds  and 
stays  correct  for  longer  periods.  For  use 
with  C-D  ignition  systems  only,  it  replaces 
the  points  of  all  pre-1975  GM  V-8  and  V-6 
engines,  and  all  AMC  V-8s  with  external 
dwell  adjustment.  Unit  mounts  under 
hood;  sensor  mounts  in  distributor  with¬ 
out  removing  points  (switch  returns  en¬ 
gine  to  point  timing  when  you  wish). 
Operates  from  -37.2°C  to  +85°C.  Easy 
to  build.  Kit  CP-1051,  $44.95*. 


Send  for 
FREE 
Catalog 


HEATHKIT  ELECTRONIC  CENTERS - 
Units  of  Schlumberger  Products  Corporation 
Retail  prices  slightly  higher. 

ARIZ.:  Phoenix;  CALIF.:  Anaheim,  El  Cerrito,  Los  Angeles,  Pomona,  Redwood 
City,  San  Diego  (La  Mesa),  Woodland  Hills;  COLO.:  Denver;  CONN.:  Hartford 
(Avon);  FLA.:  Miami  (Hialeah),  Tampa;  GA.:  Atlanta;  ILL.:  Chicago,  Downers 
Grove;  IND.:  Indianapolis;  KANSAS:  Kansas  City  (Mission);  KY.:  Louisville;  LA.: 
New  Orleans  (Kenner);  MD.:  Baltimore,  Rockville;  MASS.:  Boston  (Wellesley); 
MICH.:  Detroit;  MINN.:  Minneapolis  (Hopkins);  MO.:  St.  Louis  (Bridgeton);  NEB.: 
Omaha;  N.J.:  Fair  Lawn;  N.Y.:  Buffalo  (Amherst),  New  York  City,  Jericho  (L.I.), 
Rochester,  White  Plains;  OHIO:  Cincinnati  (Woodlawn),  Cleveland,  Columbus, 
Toledo;  PA.:  Philadelphia,  Pittsburgh;  R.L,  Providence  (Warwick);  TEXAS:  Dallas, 
Houston;  VA.:  Norfolk  (Va.  Beach);  WASH.:  Seattle;  W1S.:  Milwaukee. 


Schlumberger 


Heath  Company, 

Dept.  10-07 

Benton  Harbor,  Ml  49022 


|  Please  send  my  free  1975  Heathkit  Catalog, 

j  TWHC - 


|  ADDRESS 

I 


■  mw 
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PRICES  ARE  FACTORY  MAIL  ORDER,  FOB 

PRICES  A  SPECIFICATIONS  SUBJECT  TO  CHANGE  WITHOUT  NOTICE. 
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0.1  Hz.  to  100  KHz. 


For  only  $39.95 


Our  new  FG-2  Function  Generator  kit 
gives  you  all  five  of  the  most  useful 
waveforms  for  design  and  testing  at  one 
fourth  the  cost  of  previous  similar  in¬ 
struments.  Thanks  to  improved  IC's  the 
FG-2  now  features  amplitude  stability 
of  ±  1  db  over  any  range,  Sine  wave 
distortion  of  less  than  1%  from  20  Hz.  to 
20,000  Hz.  and  an  output  of  4.0  Volts 
peak-to-peak  with  adjustable  offset.  The 
offset  selector  lets  you  put  the  positive 
peak,  negative  peak,  or  the  center  of  the 
waveform  on  DC  ground.  The  DC  coupled 
circuit  keeps  the  waveforms  in  exactly 
the  same  position  no  matter  what  the 
level  control  setting. 

Gray  impact  plastic  case  5%  x  6%  x  2Vz. 
115  Volts  60  cycle  power  supply  included. 

FG-2  Function  Generator  Kit 
shipping  weight  3.0  lbs . $39.95  PPd 

GET  OUR 

NEW  1975 
CATALOG 

listing  this  and  other  unique  kits 

"f  R  £  £” 

by  simply  circling  our  number 
on  the  reader  service  card. 


n  SOUTHWEST  TECHNICAL 
S  PRODUCTS  CORPORATION 

DEPT.  PE 

219  W.  Rhapsody 
San  Antonio,  Texas  78216 


Letters 


MORE  ON  OBTAINING  PARTS 

I  found  the  February  1975  Editorial  (“It's 
a  Tough  World  Out  There"),  dealing  with 
finding  parts  for  projects,  both  interesting 
and  true.  I  currently  have  several  projects 
underway,  but  at  a  standstill  because  I 
can't  find  the  parts  I  need.  My  new  policy 
is  never  to  start  any  project,  no  matter  how 
simple  it  is,  until  I  know  exactly  where  to 
locate  every  item  needed. 

I  realize  that  quite  a  few  projects  call  for 
the  latest  IC's  that  aren’t  available  at  the 
time  of  publication.  I  cannot  fault  this  be¬ 
cause,  after  all.  Popular  Electronics 
wouldn't  be  the  fine  source  of  information 
it  is  if  you  didn't  keep  up  with  new  de¬ 
velopments. 

George  H.  Thompson.  Jr. 

Goleta.  Calif. 

Amen!  to  your  February  Editorial,  Get¬ 
ting  all  the  parts  needed  for  a  project 
might  be  difficult  for  people  in  the  States, 
but  it  can't  begin  to  compare  with  the 
frustrations  we  overseas  subscribers  must 
endure. 

Wouldn't  it  make  your  projects  more 
feasible  and  attractive  to  get  companies  to 
market  complete  kits  of  parts  for  your  pro¬ 
jects? 

Jack  Bennett 
Berlin.  Germany 

Whenever  we  publish  construction 
plans  for  a  project  using  a  brand  new  de¬ 
vice ,  we  first  make  sure  the  device  is 
available — either  directly  from  the  man¬ 
ufacturer  or  through  an  authorized  dis¬ 
tributor .  For  most  major  construction  pro¬ 
jects,  we  do  try  to  get  a  company  to  supply 
a  complete  kit  of  parts  or  a  kit  of  the  parts 
that  are  difficult  to  obtain  except  in  large 
orders. 

FEEDBACK  ON  AM  BCB  DX’ING 

Another  reason  for  DX'ing  the 
medium-wave  band  (“How  to  Listen  to 
Out-of-State  AM  Broadcasts,"  April  1975) 
is  good  listening.  My  favorite  station  is 
WWL  out  of  New  Orleans.  Doubtless, 
many  readers  will  find  favorite  stations  or 
programs  out  of  state  as  I  did. 

Leonard  H.  Ponder 
Chandler,  N.C. 


I  thoroughly  enjoyed  “How  to  Listen  to 
Out-of-State  AM  broadcasts/'  However,  I 
have  an  important  correction  for  you. 
Cleveland  Cavalier  games  are  no  longer 
carried  on  WERE.  Station  WWWE  (1100 
kHz,  50  kW)  has  carried  these  games  for 
the  past  two  seasons.  WWWE  covers  38 
states  on  a  normal  night,  and  we  have  re¬ 
cently  received  reception  reports  from  the 
West  Coast  and  Sweden.  DX’ers  who  want 
to  listen  to  WWWE  should  tune  us  in  after 
the  sun  sets  in  the  West. 

Jim  Arcaro 
WWWE  Engineer 
Cleveland,  Ohio 

MEMORY  TRANSLATOR 

I  was  very  enthusiastic  when  I  first  saw 
“Build  a  Portable  A/D  Memory  Translator” 
(April  1975).  But  after  reading  the  text,  I 
have  some  apprehensions.  According  to 
the  text,  an  uncompensated  telephone 
line  cannot  be  expected  to  convey  fre¬ 
quencies  much  outside  a  300-  to  3000-Hz 
passband.  The  proposed  recentering  of 
the  carrier  at  2000  Hz  would  seemingly  in¬ 
troduce  intolerable  distortion  for  devia¬ 
tions  much  beyond  ±1000  Hz  unless  the 
changes  also  produce  a  suitable  reduction 
in  deviation, 

Furthermore,  the  unmodified  version 
with  a  7000-Hz  ±2000  Hz  output  would  not 
appear  to  be  suitable  for  low-cost  recor¬ 
ders,  most  of  which  would  be  hard  pres¬ 
sed  to  accommodate  the  carrier,  let  alone 
the  upper  sideband.  I  was  wondering 
whether  the  required  linearity  could  be 
achieved  if  the  carrier  were  centered  at 
3000  Hz  (2:2000  Hz),  switchable  to  1650  Hz 
(±1350  Hz)  for  telephone  applications,  and 
how  it  would  affect  the  “chart  recordings 
by  mail”  application. 

J.P,  Lane 
Roanoke,  Va. 

The  change  to  the  2000-Hz  center  fre¬ 
quency  also  reduces  the  FM  deviation  to 
±800  Hz  so  that  limitations  in  telephone¬ 
line  performance  will  not  be  due  to  band¬ 
width.  The  7000-Hz  ±2000  Hz  FM  output 
may  be  out  of  the  3-dB  bandwidth  of  a 
low-cost  recorder ,  but  this  is  not  critical 
for  operation  of  the  Translator.  The  Trans¬ 
lator  will  operate  well  with  virtually  any 
tape  recorder  since  it  has  a  built-in 
7000-Hz  filter  for  improved  sensitivity  in 
this  band  and ,  more  importantly,  the  FM 
detector  has  good  AM  rejection-meaning 
that  low-amplitude  signals  will  still  control 
the  phase-locked  loop .  We  determined 
that  the  10,000-Hz  response  can  be  down 
as  much  as  30  dB  in  a  poor  recording  ap¬ 
paratus  and  still  the  Translator  will  detect 
properly. 

The  chart  recording  by  mail  arrange¬ 
ment  depends  mainly  on  the  initial 
15-second  ground  reference  as  explained 
in  the  text.  Any  comments  concerning 
bandwidth  changes  or  special  calibration 
should  be  forwarded  with  the  cassette. 

-Author 
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WESTINGHOUSE  MAKES  COLOR  CRT’S  TOO 

*‘The  New  Color  TV  Picture  Tubes" 
(March  1 975)  explained  the  advancements 
in  color  CRT's  very  well.  However,  when 
the  author  listed  the  major  manufacturers 
of  tubes,  he  left  out  Westinghouse  Electric 
Corp.  Westinghouse  was  making  color 
picture  tubes  in  the  1950’s.  In  fact,  it  intro¬ 
duced  the  first  all-glass  rectangular  color 
tube,  the  22EP22,  in  1956. 

Most  of  Westinghouse-s  market  is  for 
private  labels.  The  company  has  also  de¬ 
veloped  some  types  of  color  tubes  for  the 
more  discriminating  European  market  and 
has  marketed  these  tubes  for  a  number  of 
years  under  the  (W)  label. 

Robert  Russell 
Wellsburg,  N.Y. 

SOME  COMMENTS  ON  FAA  CAREER 

Readers  whose  interest  was  sparked  by 
“How  to  Become  an  FAA  Electronics 
Technician’"  (April  1975)  might  like  to 
know  of  a  college  program  that  can  help 
them  land  a  position.  Mercer  County  Col¬ 
lege  offers  the  A.A.S.  degree  in  Aviation 
Electronics  Technology. 

Peter  J.  Holsberg 
Associate  Professor  of 
Electrical  Angineering 
Mercer  County  Community  College 
Trenton,  N.J.. 

One  thing  not  mentioned  in  '’How  to 
Become  an  FAA  Electronics  Technician" 
is  the  fact  that  ETs  must  do  shift  work.  At 
almost  all  FAA  facilities,  there  are  evening, 
midnight,  and  weekend  shifts  that  must  be 
manned.  Normally,  the  ET  works  a  shift 
until  he  is  promoted  to  a  staff  position. 

Gerald  D.  Pelton 
FAA  Electronics  Technician 


H.H.  SCOTT 

Audio  Pioneer 

Hcrmon  Hosmer  Scott, 
founder  and  former  president  of 
H.H.  Scott.  Inc.,  of  Maynard* 
Massachusetts,  died  recent \y  in 
Newton.  Mass.,  at  the  age  of  66, 

He  established  his  firm  in  1947 
and  retired  ip  1972.  The  name 
H.H.  Scott  was  among  the 
handful  of  brands  familiar  to  hi-fi 
equipment  buffs  during  the  early 
days  of  the  industry . 

Mr.  Scolt  held  a  number  of 
patents,  including  those  for  the 
dynamic  noise  suppressor  and  RC 
oscillator. 


BUILD&TEST 

CIRCUITS 

AS  FAST  AS  YOU  THINK! 


POWER  FOR  THE  PROFESSIONAL 
ECONOMY  KITS  FOR  THE  HOBBYIST 
A  MODEL  AND  A  PRICE  FOR  EVERYONE 


PROTO  BOARD  203 

Breadboard  Prototesting  with  5  Volt, 

1  AMP  Regulated  Power  Supply  included! 

A  total  ready-to-use  power  breadboard 
prototest  device  with  a  built-in  regulated, 
short-proof  power  supply.  Just  plug-in  and 
start  building!  2  extra  floating  5-way 
binding  posts  for  external  signals.  Self- 
contained  with  power  switch  indicator  lamp 
and  power  fuse.  24-14  pin  DIP  capacity. 
Attractive  two-tone  quality  case.  All  metal 
construction.  93/4"L  x 
$  ^  6Vz"W  x  2%"H.  5  lbs. 

M  Order  today! 

Add  $2.50  ihipplng/handling 


A  modestly  priced  kit  for  the 
economy-minded  experimenter , , ... 

PROTO  BOARD  100 

A  low  cost,  big  10  1C  capacity  breadboard 
kit  with  all  the  quality  of  QT  sockets  and  the 
best  of  the  Proto  Board  series  . .  .  complete 
down  to  the  last  nut,  bolt  and  screw.  Includes 
2  QT-35S  Sockets;  1  QT-35B  Bus  Strip;  2 
5-way  binding  posts;  4  rubber  feet; 
screws,  nuts,  bolts;  and  easy 
assembly  instructions. 
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Add  $1.50 
sblpping/nandling. 


PROTO-CLIP 
for  Power-On, 
Hands-Off  Signal 
Tracing.  No  more 
shorting  leads. 
Costs  less  than  . . . 


Bring  1C  leads  from  pc  board  for  fast  signal  tracing  and 
troubleshooting.  Inject  signals.  Wire  unused  circuits 
into  boards.  Scope  probes  and  test  leads  lock  onto 
Dynagrip  inset  (see  circle)  for  hands-off  testing.  Plastic 
construction  eliminates  springs,  pivots.  Non-corrosive 
nickel/silver  contacts  for  simultaneous 
low  resistance  connections. 
PC-14,  14-pin  Proto  Clip,  $4.50  ea. 
PC-16,  16-pin  Proto  Clip,  $4.75  ea. 
Add  750  shipping/handling. 

Order  today  off-the-shelf  from  CSC 
or  local  distributor.  Charge:  BAC, 

MC,  AX.  Write  for  free  catalog.  Free 
English/Metric  Slide  Rule  with  each 
order.  Dealer  inquiries  invited. 


Continental  Specialties  Corp. 


Foreign  orders  add  15%. 


Box  1942,  New  Haven,  CT  06509  •  203/624-3103 


JULY  1975 


Patents  Pending  Made  in  USA 
Prices  subject  to  change 


W.  coast  Off.:  Box  7809,  S.  Francisco,  CA  94119  •  415/383-4207 
Canada:  Available  thru  Len  Finkler  Ltd.,  Ontario 
CIRCLE  NO.  14  ON  READER  SERVICE  CARD 
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NRI  is  one  of  the  few  home  study 
schools  that  maintains  its  own 
full-time  staff  of  technical 
writers,  editors,  illustrators, 
development  engineers  and 
publications  experts.  The  people 
who  design  the  kits  also  design 
the  lessons ...  so  that  theory  and 
practice  go  hand  in  hand.  The 
lessons  aren’t  “retro-fitted”  to 
an  outside-source  “hobby  kit.” 

At  each  stage  of  building,  you 
experiment  with  the  power  on; 
you  don’t  wait  till  the  set’s 
completed  to  learn  trouble¬ 
shooting.  The  NRI  set  is  designed 
exclusively  for  training.  It  is  also 
a  superb  100%  solid-state 
receiver  for  your  personal  use. 


Most  schools  offer  one  course  in 
color  TV  servicing,  period.  Only 
NRI  offers  you  five  different 
courses  to  match  your  needs  and 
budget.  The  comprehensive  65- 
lesson  course,  complete  with 
7  kits,  costs  as  little  as  $370.  Or 
you  can  choose  the  $465  course 
that  includes  a  12"  diagonal 
black  &  white  portable  TV  for 
hands-on  experience.  Then 
there’s  the  19"  diagonal  solid- 
state  color  TV  course  for  $795 ; 
the  advanced  color  TV  course 
for  trained  technicians  with  an 
18"  diagonal  color  TV  for  $645 ; 
and  finally,  the  magnificent  25" 
diagonal  solid-state  color  TV 
course,  complete  with  console 
cabinet,  oscilloscope,  TV  pattern 
generator,  and  a  3x/2  digit  digital 
multimeter,  for  $1,095.  Other 
schools  charge  you  hundreds  of 
dollars  more  for  an  equivalent 
course. 


Only  NRI  offers  five  complete 
TV/Audio  Servicing  Courses 
from  $370  to  $1,095  . . .  with 
convenient,  inexpensive  time 
payment  plans.  In  the  Master 
Course  in  color  TV  servicing, 
with  a  25"  diagonal  solid-state 
color  TV,  you  save  as  much  as 
$600  under  the  next  leading 
home  study  school. 

NRI  saves  you  tuition  because 
our  costs  are  lower.  We  pay  no 
salesmen,  and  we  engineer  our 
own  kits  and  training  equipment 
We  don’t  buy  “hobby  kits”  from 
others.  Nor  do  we  penalize  you 
with  big  interest  charges  for 
time  payments.  We  pass  the 
savings  on  to  you. 
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inTV/Audio  home 
choose  NRI. 


Compare  equipment 

NRI  has  engineered  the  widest 
variety  of  professional  electronic 
lab  equipment  ever  designed 
entirely  for  training  at  home. 
When  you  enroll  in  the  Master 
Course  in  TV/Audio  Servicing, 
for  instance,  you  receive  kits  to 
build  a  wide  band,  solid-state, 
triggered  sweep,  service  type  5" 
Oscilloscope ;  color  pattern 
generator ;  solid-state  radio ;  and 
a  digital  multimeter. 

Before  you  settle  on  any  home 
training  course,  compare  the 
over-all  program.  See  if  you  are 
getting  kits  engineered  for 
experimentation  and  training 
...  or  merely  “hobby  kits”.  Count 
the  experiments  . . .  compare  the 
components.  Don't  just  count 
kits.  (Some  schools  even  call  a 
slide  rule  a  kit.) 


Compare  schools 

Home  study  isn’t  a  sideline  with 
NRL  We’ve  been  its  innovating 
leader  for  60  years.  Ask  any  of 
the  hundreds  of  thousands  of 
NRI  graduates.  They’ll  tell  you 
. . .  you  can  pay  more  but  you 
can’t  buy  better  training. 

Along  with  each  course,  NRI 
provides  bite-size,  fully- 
illustrated  lessons ;  personally 
graded  tests ;  and  the  kind  of 
person-to-person  teaching  that 
makes  learning  easier  and  faster. 

Send  for  the  free  NRI  full- 
color  electronics  catalog  and 
discover  why  so  many  choose 
NRI.  You’ll  find  courses  offered 
in  TV/ Audio  Servicing, 

FCC  License,  Complete 
Communications  Electronics, 
Digital  Computer  Electronics, 
Marine  and  Aircraft  Electronics, 
Mobile  Communications,  etc. 


MAIL  CARD 
FOR  YOUR 
FREE  NRI 
CATALOG 


NRI  Home  Ti’ainiii" 
in  Electronics  — 


jQjj 

|  Career  Cwrsw  ia 

]  TVJtutHO  savmtc 

J  COMWmtCADOKS 

^DIGITAL  CMPUTUB 

kpSHeIi 


NO  SALESMAN  WILL  CALL. 


AVAILABLE  FOR  CAREER 
STUDY  UNDER  GI  BILL 

Check  box  on  card  for  information. 

NRI 

NRI  SCHOOLS 

McGraw-Hill  Continuing  Education  Center 
3939  Wisconsin  Avenue, 

ifnii 

Washington,  D.C,  20016 

JULY  1975 
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New  Products 

Additional  information  on  new  products 
covered  in  this  section  is  available  from 
the  manufacturers.  Either  circle  the  item’s 
code  number  on  the  Reader  Service  Card 
inside  the  back  cover  or  write  to  the  man¬ 
ufacturer  at  the  address  given . 


EICO  DIGITAL  LOGIC  PROBE 

The  model  DLP-6  Digital  Logic  Memory 
Probe  can  be  used  with  DTL  and  TTL  sys¬ 
tems,  and  provides  detection  capabilities 
for  pulse  durations  as  short  as  50 
nanoseconds.  The  indicator  system  con¬ 
sists  of  three  LED’s.  The  bottom  LED  lights 
green  for  logic  1,  the  center  LED  lights  red 
for  logic  O,  and  the  top  LED  lights  yellow  to 
indicate  a  positive-  or  negative-going 
transition.  Each  LED  remains  in  the  “on” 
stage  for  200  nanoseconds  regardless  of 
pulse  duration.  A  memory  switch  causes 
the  LED  to  remain  on  permanently  after  a 
positive  or  negative  pulse  occurs.  Available 
in  either  kit  ($19.95)  or  factory-assembled 
($29.95)  form. 

CIRCLE  NO.  69  ON  READER  SERVICE  CARO 


CROWN  STEREO  OUTPUT  CONTROL  CENTER 

Crown  s  Model  OC-150  provides  flexible 
control  of  an  audio  system.  Output 
monitoring  of  three  separate  amplifiers  is 


provided  by  two  meters,  operating  in  either 
the  average-  or  peak-reading  modes  with 
five  full-scale  ranges.  Three  speaker  sys¬ 
tems  can  be  switched  singly  or  in  parallel 
by  front-panel  controls.  Two  headphone 
jacks  have  discrete  levels  of  attenuation, 
for  headphones  with  various  degrees  of 
sensitivity.  The  Crown  OC-1 50  weighs  1 0  lb 
(4.5 kg)  and  measures  17"  W  x  8V2"  D  x  5V4" 
H  (43.2  x  21.6  x  13  cm).  $299.00. 

CIRCLE  NO.  70  ON  READER  SERVICE  CARD 


TEMPEST  LAB  SERIES  1  SPEAKER  SYSTEM 

The  Tempest  Lab  Series  1  loudspeaker  sys¬ 
tem  by  the  Tempest  Div.  of  ESS,  Inc.  com¬ 
bines  the  high-frequency  Heil  air-motion 
transformer  with  adynamic  12-inch  woofer 
in  a  two-way  bookshelf  configuration.  The 
long-excursion  woofer  is  back-loaded 
through  a  low-frequency  phased  vent  path, 
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resulting  in  bass  response  down  to  30  Hz, 
according  to  ESS.  Above  the  crossover 
frequency  of  1500  Hz,  the  Heil  “power  ring” 
tweeter  is  active.  A  dual  control  panel  al¬ 
lows  for  flexibility  in  response  shadings. 
Power  handling  capacity  is  60  W  rms  of 
continuous  program  material,  160  W  on 
music  peaks.  A  minimum  amplifier  output 
of  10  W  rms  is  recommended.  Available 
with  a  walnut  vinyl  finish,  and  foam  grille 
options  of  brown,  blue  and  rust.  It  meas¬ 
ures  27 "H  x  15"W  x  1 3-7/e"D  (68.6  x  38.1  x 
35.2  cm). 

PIONEER  AM/FM  STEREO  TUNER 

Pioneer  announces  its  most  sensitive 
AM/FM  stereo  tuner,  the  Model  TX-9500. 
Among  the  FM  circuit  features  are  three 
dual-gate  MOSFET's  in  the  front  end,  four 
dual-ceramic  filters,  an  eight-stage  limiter, 
a  linear  detector,  phase-locked-loop  mul¬ 
tiplex  demodulator,  and  a  two-step  muting 


circuit.  A  built-in  440-Hz  test  tone,  cali¬ 
brated  to  correspond  to  50%  FM  modula¬ 
tion,  enables  recordists  to  preset  recording 
levels  before  taping  program  material.  Two 
meters  facilitate  tuning.  Rear  panel  con¬ 
nections  are  provided  for  multipath  scope 
outputs,  fixed  and  variable  audio  outputs, 
and  a  4-channel  MPX  output  jack  for  future 
discrete  FM  broadcasts.  A  two-position 
de-emphasis  switch  allows  proper  demod¬ 
ulation  of  regular  and  Dolby-encoded 
broadcasts.  TX-9500  specs  include  a  fre¬ 
quency  response  of  20-15,000  Hz  +0.2  dB, 
-1.5  db;  stereo  separation  better  than  35 
dB  between  50  and  10,000  Hz;  and  an  FM 
sensitivity  of  1.5  pV  (IHF).  Harmonic  distor¬ 
tion  is  rated  at  less  than  0.2%  (stereo), 
stereo  S/N  at  75  dB,  selectivity  at  85  dB, 
and  capture  ratio  at  1.9  dB.  The  tuner 
measures  I6V2"  W  x  143/e"  D  x  57/8"  H  (42  x 
36.5  x  14.9  cm).  $399.95. 
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ADS  MOBILE  HIGH  FIDELITY  SYSTEM 

ADS  introduces  its  Model  2001  high-power 
bi-amplified  speaker  system  for  use  where 
space  is  limited  and  only  12  V  dc  is 
available — vans,  campers,  and  boats.  The 
two  acoustic-suspension  speaker  systems 
contain  specially  designed  4-inch  (10-cm) 
long-excursion  woofers  and  1-inch 
(2.5-cm)  soft-dome  tweeters.  A  total  of  160 
W  rms  is  provided  by  four  independent 
amplifiers,  which  are  powered  by  a  high- 
frequency  dc/dc  upverter.  The  system 
draws  a  maximum  of  26  A  from  a  1 2-V  stor¬ 
age  battery.  Frequency  range  of  the  2001  is 
said  to  be  50-25,000  Hz  (DIN).  Each  speaker 
enclosure  weighs  4  lb  (1.8  kg)  and  mea¬ 
sures  67/e"  H  x  41/4"  W  x  4"  D  (17.5  x  10.8  x 


10.2  cm).  Power  amplifiers  measure  9%"  W 
x  6Y2"  D  x  3ye"W  (23.8  x  16.5  x  9.2  cm). 
The  power  supply  (attachable  to  the  am¬ 
plifier  module)  is  6V4"  W  x  3W  H  x  3Y2"  D 
(15.9  x  9.2  x  8.9  cm).  $450. 

CIRCLE  NO.  72  ON  REAOER  SERVICE  CARD 

CONTINENTAL  SPECIALTIES  LOGIC  MONITOR 

Continental  Specialties'  Logic  Monitor 
simultaneously  displays  static  and 
dynamic  logic  states  of  DTL,  TTL,  HTL,  and 


CMOS  DIP  IC’s.  Whenever  the  voltage  at  a 
pin  exceeds  2  V,  the  numbered  LED  cor¬ 
responding  to  that  pin  lights,  indicating  a 
logic  one.  The  Logic  Monitor  clips  onto  the 
DIP,  and  requires  no  external  power  sup¬ 
ply,  calibration  or  adjustment.  Input  impe¬ 
dance  is  1 00,000  ohms,  and  it  draws  a  max¬ 
imum  of  150  mA  at  15  V  according  to  the 
manufacturer.  The  unit  weighs  3  oz  (85  g) 
and  measures  4"  L  x  2"  W  x  IV2"  D  (10.2  x 
5,1  x  3.8  cm).  $84.95. 
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UHER  PORTABLE  CASSETTE  DECK 

Uher’s  Model  CR134  portable  stereo  cas¬ 
sette  deck  features  a  special  head  design 
incorporating  four  tracks  in-line,  and  a 
photo-sensitive  electronic  control  for  the 


tape-drive  mechanism.  The  deck  has  au¬ 
tomatic  tape  reversal,  built-in  condenser 
microphone,  a  speaker,  a  stereo  amplifier 
with  a  1-W/channel  output,  and  defeatable 
ALC.  It  can  be  powered  from  li  ne  current  or 
rechargeable  batteries.  Frequency  re¬ 
sponse  is  rated  at  25  to  15,000  Hz  ±  2  dB, 
S/N  at  56  dB,  and  wow  and  flutter  (rms) 
under  0.12%.  Stereo  and  mono  operation 
are  possible.  The  CR134  measures  7"  W  x 
7"  D  x  2"  H  (17.8  x  17.8  x  5.1  cm).  $378. 

CIRCLE  NO.  74  ON  READER  SERVICE  CARD 

PICKERING  CD-4  QUADRAHEDRAL  CARTRIDGE 

The  new  Pickering  XUV/4500Q  cartridge 
can  play  stereo,  SQ,  QS,  and  CD-4  discs 
while  tracking  at  one  gram  or  less.  It  is  said 
to  provide  good  frequency  response  and 
separation  to  beyond  50,000  Hz.  The 
XUV/4500Q  features  the  patented 
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Quadrahedral™  stylus  assembly,  with  the 
Quadrahedron™  stylus  tip,  which  is  a  new 
shape  in  diamond  styli.  In  four-channel 
discrete  playback,  its  frequency  response 
is  10  to  50,000  Hz  {±  1.5  dB  in  the  base 
bands, ±  2  dB  in  the  carrier  bands),  with  a 
channel  separation  of  35  dB  nominal  at 
1000  Hz,  and  25  dB  nominal  at  30,000  Hz. 
The  cartidge  provides  a  nominal  output  of 
3.4  mV  at  5.5  cm/s.  $139.95. 
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H-P  15-MHZ  DUAL-TRACE  OSCILLOSCOPE 

A  new  15-MHz  dual-channel  oscilloscope, 
the  Model  1222A  from  Hewlett-Packard, 
has  a  built-in  delay  line  to  make  visible  the 
leading  edges  of  traces.  This  feature  is 
especially  valuable  in  digital  and  pulse 
work.  The  Model  1222A  also  gives  the  user 
the  option  of  viewing  channels  A  and  B  in 
either  the  A  +  B  or  A-B  modes.  The  scope  is 
said  to  have  3%  vertical  accuracy,  cali¬ 


brated  8  x  10  cm  display,  internal  graticule 
to  eliminate  parallax,  dc  coupling,  trig¬ 
gered  sweep  and  pushbutton  beam-finder. 
Vertical  calibration  is  adjustable  from  2 
mV/cm  to  10  V/cm.  Built-in  TV  sync  separa¬ 
tion  makes  possible  automatic  triggering 
on  frame  or  line.  The  calibrated  sweep  is 
said  to  be  accurate  to  within  4%.  The  Model 
1222A  also  has  automatic  or  normal  trig¬ 
gering.  The  scope  weighs  I6V4  lb  (7.3  kg), 
and  requires  35  watts  at  100,  120,  220,  or 
240  volts.  $895. 
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HEATH  LAB-GRADE  POWER  SUPPLY 

The  Model  IP/SP272  is  one  of  Heath’s  new 
2700  Series  of  lab-grade  power  supplies 
with  analog  or  digital  readout.  The  power 
supply  produces  0  to  15  V  at  5  A,  has  a  large 
3V2-digit  readout,  constant-current  and 
constant-voltage  operation,  remote  vol¬ 
tage  and  current  programming,  automatic 
compensation  for  lead  voltage  drops,  and 
complete  output  protection,  according  to 
Heath.  The  digital  readout  has  two-decade 
autoranging  to  provide  good  resolution  for 
low  voltage  and  current  settings.  Load 
regulation  is  rated  at  0.05%  +  1  mV  for 
voltage,  0.1%  +  3.5  mA  for  current.  Built-in 
standards  allow  calibration  to  within 
+•1.0%  for  voltage  and  within  1.5%  for  cur¬ 
rent.  Closer  tolerance  is  possible  if  lab 
standards  are  used.  The  IP/SP  2721  is 
available  in  kit  ($219.95)  or  assembled 
($340.00)  form. 

CIRCLE  HO.  5  OH  READER  SERVICE  CARD 
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SYLVANIA  COLOR  TV  TEST  JIG 

GTE  Sylvania’s  Model  CK3000  test  jig  is 
said  to  be  compatible  with  7000  solid-state, 
tube,  and  hybrid  color  television  chassis.  It 
can  be  used  with  chassis  generating  anode 
voltages  up  to  30,000  V,  and  can  handle 
delta  70-  and  90-degree  tube,  hybrid,  tran¬ 
sistor,  and  SCR  sweep  circuitry  with  a 
range  of  impedances.  A  built-in  alternate 
supply  permits  testing  of  focus  voltages  as 
low  as  4500  V.  A  set  of  programmersior  the 
jig’s  patented  yoke  circuit  provides  correct 
matching  to  six  different  receiver  deflec¬ 
tion  outputs.  The  CK3000  also  contains  a 
90-degree  slotted-mask,  in-line  13-inch 
(33-cm)  CRT.  Optional  accessories  are 


adapter  kits  for  seven  popular  name 
brands  and  discrete  adapters  for  41  more. 
The  test  jig  weighs  less  than  25  lb  (1 1 A  kg). 

CIRCLE  HO.  76  OH  REAOER  SERVICE  CARD 

PEARCE-SIMPSON  MARINE  RADIO  TELEPHONE 

The  new  Bimini  25  vhf  FM  marine  radio¬ 
telephone  features  full  legal  (25  watts) 
power  output,  a  backlighted  channel  selec¬ 
tor  knob  with  provisions  for  12  transmit 
and  14  receive  channels,  a  snap-on  mount¬ 
ing  cradle  and  quick-connect  power  plug. 
The  solid-state  transceiver  also  has  a  two- 
position  transmitter  output  switch  (25 
watts  high,  1  watt  low),  and  a  noise¬ 
canceling  ceramic  microphone.  The  re¬ 


20  hi-fi  watts 
in  1.2  cubic  inches 


What  a  powerhouse!  SK3154  packs 
a  20-watt  RMS  audio  amplifier  in  one 
small  module.  With  virtually  flat 
response  from  15  Hz  to  70  kHz.  In  the 
SK3154  package  you'll  find  all  the 
information  you  need.  Just  follow  the 
instructions  for  adding  12  easy-to-get 


passive  components,  power  supply 
and  hardware -and  you’ve  got  one 
channel  of  a  fine  stereo  or  quad  ampli¬ 
fier.  The  fun -and  a  super  finished 
product -are  yours.  (Ten  and  15-watt 
SK  modules  also  available.)  Start  now! 
See  your  RCA  electronics  distributor. 


Solid  fun  in  399  pages 

Electronic  organ,  temperature  alarm, 
tachometer,  light-operated  switch  — 68 
useful  solid-state  projects  in  one  book. 
Complete  instructions  plus  some  theory. 
$2.95  optional  price.  At  your  RCA  elec¬ 
tronics  distributor. 

RCA  Solid  State.  Box  3200, 
Somerville.  N.J.  08876. 
CIRCLE  NO.  38  DN  READER  SERVICE  CARD 
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The 

CROWN 

VFX-2 

electronic  crossover 

Commercial  sound  contractors 
across  America  have  been  asking 
for  an  electronic  crossover  for  use 
on  sophisticated  sound  installa¬ 
tions,  There’s  no  more  waiting.  And 
the  Crown  VFX-2  embodies  all  you 
expect  in  high  quality  and  perform¬ 
ance  capabilities  from  the  people  at 
Crown. 

Only  the  Crown  VFX-2  electronic 
crossover  will  give  every  installa¬ 
tion  maximum  versatility.  Such 
flexibility  for  so  little  cost.  And 
never  before  has  an  electronic 
crossover  been  offered  that  can  be 
easily  and  readily  adjusted  with 
front  panel  controls. 

Tunable  from  20-  to  20,000  Hz, 
this  solid  state  component  is  com¬ 
patible  with  600  ohms  loads  and  up, 
and  features  both  balanced  and  un- 
batenced  inputs  and  outputs. 

Overall  noise  and  distortion  are 
extremely  low.  IM  distortion  is  less 
than  0.01  °/o  at  rated  output,  and 
noise  is  more  than  97dB  below 
rated  output  with  open  inputs. 

Providing  either  crossover  or 
bandpass  functions,  the  VFX-2  uti¬ 
lizes  two  continuously  variable  fil¬ 
ters  per  channel,  and  filter  roll-off 
is  at  a  fixed  1 8  dB/octave. 

Applications  include  stereo  bi- 
amping,  mono  tri-amping,  and  com¬ 
bining  the  bandpass  filter  with  the 
normal  two-way  crossover  on  a 
mono  signal.  And  all  connections 
are  quarter-inch  phone  jacks  for 
positive  electrical  contact. 

The  VFX-2  is  designed  for  stand¬ 
ard  19"  rack  mounting  and  meas¬ 
ures  in  at  3V2"  high  by  53/4"  deep 
and  includes  a  clear  plastic  cover 
for  protecting  control  settings. 


crown 
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celver  section  claims  a  sensitivity  of  0.7  pV, 
a  spurious  signal  and  adjacent  channel  re¬ 
jection  of  50  dB.  The  Bimini  25  requires  a 
13.6-V  dc  source,  and  draws  5  A  on  trans¬ 
mit  (high),  1  A  on  low,  and  0.15  A  during 
receive.  The  transceiver  weighs  3.5  lb  {1.6 
kg),  and  measures  11"  W  x  61/2"  D  x  3"  H 
(27.9  x  16.5  x  7.6  cm). 

CIRCLE  NO.  79  ON  READER  SERVICE  CARD 


AKG  STEREO  HEADPHONES 
Philips  Audio  Products1  Model  K-140 
lightweight  headphones  have  earcups  that 
are  universally  jointed,  allowing  flexible 


positioning.  Bass  response  is  said  to  be 
unaffected  by  the  shape  of  the  listener’s 
ears,  or  by  air  leaks  between  the  ears  and 
cushions.  Microphone-derived  transduc¬ 
ers  are  used  and  are  said  to  deliver  very 
transparent  sound  images.  $34.50. 

CIRCLE  NO.  80  ON  READER  SERVICE  CARD 

GRILLE  FOAM  ADD-ON  KITS 

A  series  of  speaker  grille  replacement  kits, 
featuring  sculptured  acoustic  foam,  avail¬ 
able  from  the  Dew  Foam  Company,  are  said 
to  be  acoustically  transparent,  and  easy  to 
install.  They  are  available  in  brown  and 
black,  and  can  be  painted  with  any  color 
acrylic  or  lacquer  paint.  The  grille  is  cut  to 
size,  and  applied  using  pressure-sensitive 
material  which  is  supplied.  Kits  are  availa¬ 
ble  for  three  sizes  of  speaker  enclosures: 
small  (up  to  101/4"  x  16%"or  26  x  42.5  cm); 
MEDIUM  (up  to  13% "  x  237/e"or  34.9  x  60.6 
cm);  and  large  (up  to  167/e"  x  28V4"or42.9 
x  71.8  cm),  and  are  priced  at  $6.95,  $9.95, 
and  $14.95,  respectively.  Address:  Dew 
Foam  Co.,  14768  Raymer  St.,  Van  Nuys,  CA 
91405. 


REAR-MOUNTED  AUDIBLE  INSTRUMENT  ALARM 

Floyd  Bell  Associates’  Model  AL-100-RM  is 
an  audible  alarm  designed  for  rear-panel 
installation.  The  unit  produces  a  continu¬ 
ous  tone  at  about  2600  Hz,  with  a  sound 
output  to  90  dB.  In  operation,  the  alarm 
draws  4  to  16  mA  from  a  5-  to  30-V  dc 
source.  Tin-plated  screw-type  terminals 
are  used.  The  AL-100-RM  is  said  to  have 
sealed  electronics,  and  can  be  used  in 
marine  and  commercial  applications  at 
temperatures  from  -20°  to  +65°C  (-4°F  to 
149°F).  Address:  Floyd  Bell  Associates, 
Inc.,  555  Marion  Road,  Columbus,  OH 
43207. 

BOZAK  AUDIO  SIGNAL  PROCESSOR 
The  Bozak  Model  919  Audio  Signal  Pro¬ 
cessing  Center  permits  the  user  to  blend 
three  different  two-channel  input  signals 
with  separate  level,  bass,  mid-range,  and 
treble  controls  for  each  input.  Input  chan¬ 
nels  include  phono,  microphone,  and 
switch-selected  choice  of  tape,  tuner,  or 


auxiliary  inputs.  A ‘'panning1'  circuitallows 
the  user  to  “locate”  the  microphone  any¬ 
where  between  the  right  and  left  channels, 
and  the  stereo  blend  control  varies  the 
“width”  of  the  output  from  mono  (in  which 
the  sound  comes  from  one  spot)  to  extra- 
wide  (in  which  the  sound  source  appears  to 
have  a  wider  frontal  area).  A  “cue  selector” 
makes  it  possible  to  monitor  each  of  the 
inputs  separately.  Claimed  distortion  is 
less  than  0.1%  from  20  to  20,000  Hz  with  a 
full  10-volt  output  into  a  200-ohm  load.  The 
unit  weighs  21  lb  {9.5  kg)  and  measures 
17%"  W  x  10%"  D  x  7"  H  (45.1  x  27  x  17.8 
cm).  An  optional  walnut  enclosure  is  avail¬ 
able.  $797. 
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New  Literature 


NSC  PRODUCT  GUIDE 

National  Semiconductor  has  published  a 
15-page  guide  to  some  300  functional  pro¬ 
ducts  that  make  up  its  line  of  bipolar 
TTL7MSI  devices.  The  guide  is  divided  into 
eight  sections:  multiplexers  and  de¬ 
multiplexers,  counters,  display  products, 
memory  products,  shift  registers,  latches 
and  storage  registers,  decoders  and  com¬ 
parators,  and  miscellaneous TTL  products. 
Address:  Marketing  Services  Dept.,  Na¬ 
tional  Semiconductor  Corp.,  2900 
Semiconductor  Dr.,  Santa  Clara,  CA  95051 . 

IDI  INDICATOR  LIGHTS 

A  comprehensive  24-page  selection  guide 
to  pilot  and  indicator  lights  is  available 
from  Industrial  Devices  Inc.  It  reviews  the 
specifications  of  a  variety  of  custom,  stock, 
and  off-the-shelf  lights  in  three  different 
light  sources:  neon,  incandescent,  and 


solid-state,  and  compares  the  advantages 
and  disadvantages  of  each.  Address:  In¬ 
dustrial  Devices  Inc.,  Edgewater,  N.J. 
07020. 

DATA  CONVERSION  APPLICATIONS  NOTE 

A  six-page  applications  note  from  Datel 
Systems,  called  “Know  Your  Conversion 
Codes,”  is  a  handy  summary  of  the  various 
digital  codes  used  in  data  conversion 
modules.  Various  codes  such  as  straight 
binary,  complementary  binary,  BCD,  com¬ 
plementary  BCD,  offset  and  complemen¬ 
tary  offset  binary,  sign-magnitude  BCD, 
and  two’s  complement  are  discussed  in 
detail.  Also  covers  code  relationship  to  in¬ 
ternal  circuitry  in  the  conversion  module. 
Address:  Datel  Systems,  Inc.,  1020  Turn¬ 
pike  St.,  Canton,  MA  02021. 

AMATEUR  RA0I0  EQUIPMENT  CATALOG 

The  new  catalog  from  MFJ  Enterprises  de¬ 
scribes  many  new  products,  including  CW 
and  SSB  audio  filters,  electronic  keyers, 
frequency  standards,  audio  amplifier 
modules,  QRP  rigs,  pc  boards,  and  elec¬ 
tronic  components.  Address:  MFJ  Enter¬ 
prises,  Box  494,  Mississippi  State,  MS 
39762. 

CRYSTAL  OSCILLATOR  GUIDELINES 

An  applications  bulletin  from  Vectron 
Labs,  entitled  “How  to  Specify  Crystal  Os¬ 


cillators,”  covers  clock  oscillators,  TCXOs, 
and  oven-controlled  oscillators;  includes 
16  diagrams  and  illustrations.  A  compari¬ 
son  of  these  oscillator  types  is  given,  as 
well  as  a  discussion  of  timing  applications. 
Address:  Vectron  Laboratories,  Inc.,  121 
Water  Street,  Norwalk,  CT  06854. 

RECEIVING  TUBE  PRICE  LIST 

A  new  12-page  Export  Price  List  covering 
more  than  2,000  receiving  tube  types  is 
available  from  the  International  Compo¬ 
nents  Corp.  This  list  contains  many  Ameri¬ 
can,  Japanese,  and  European  consumer 
and  industrial  receiving  tubes,  including 
many  classic  and  antique  types.  Address: 
International  Components  Corp.,  105  Max- 
ess  Rd.,  Melville,  NY  11746. 

IEEE  STANDARDS  CATALOG 

The  new  32-page  IEEE  Standards  1975 
Catalog  lists  more  than  350  standards  pub¬ 
lications  by  subject  as  well  as  numerical 
sequence.  Standards  developed  by  the 
IEEE  cover  test  methods,  installation  prac¬ 
tices,  units,  definitions,  symbols,  and  ap¬ 
plications  methods.  Among  the  standards 
listed  are  those  which  deal  with  antenna 
design,  communications,  power  genera¬ 
tion  and  distribution,  microwaves,  rotating 
machinery,  and  electromagnetic  compati¬ 
bility.  Address:  IEEE  Standards  Dept.,  345 
E.  47th  St.,  New  York,  NY  10017. 


(^ycu  dcn»t  have  tc  buy  a  new  car  tc  get  an  electronic  ignition.) 


Most  of  you  know  the  evaluation  of  automotive  electrical  sys¬ 
tems  ...  an  evaluation  characterized  only  occasionally  by 
efficiency  and  performance.  I  know  that,  and  that's  why  I  use 
the  Delta  Mark  Ten  B  GDI  on  all  my  cars,  new  and  old.  And 
believe  me,  you  don’t  have  to  have  a  new  car  to  appreciate 
the  best  electronic  ignition  available  today.  Study  these  fea¬ 
tures  and  you’ll  know  what  I  mean. 

1.  Mark  Ten  and  Mark  Ten  B  Capacitive  Discharge  Ignition 
Systems  are  manufactured  by  Delta  Products,  Inc. ,  a  company 
with  a  conscience,  and  with  a  proven  record  of  reliability  both 
in  product  and  in  customer  relations. 


2.  The  Mark  Ten  CDI’s  really  do  save  money  by  eliminating 
the  need  for  2  out  of  3  tune-ups.  Figure  it  out  for  yourself.  The 
first  tune-up  or  two  saved  pays  for  the  unit,  the  rest  is  money 
in  your  pocket.  No  bunk! 


3.  Because  the  Mark  Ten  GDI's  keep 
your  car  in  better  tune,  you  actually 
can  save  on  expensive  gasoline. 

4,  With  a  Mark  Ten,  spark  plugs  stay 
clean  and  last  longer  .  .  .  fouling  is 
virtually  eliminated. 


No  matter  what  kind  of  car  you  drive,  it  too  can  use  a  Delta 
quality  lift. 


I  want  to  know  more  about  Mark  Ten  B  CDi's.  Send  me  complete 
no-nonsense  information  on  how  they  can  improve  the  performance 
of  my  car. 


Nans _ 

Address - 

City _ _ _ S  tarn - zip. 


DELTA  PRODUCTS,  INC. 

p.o.  Box  1147.  Dept.  PE,  Grand  Junction,  Colo.  S-TiOSI 


303-242-9000 


Mark  Ten  B,  Standard  Mark  Ten, 

assembled  S64.95  ppd  assembled  S49.95  ppd 

Mark  Ten  B,  kit  S49.95  ppd  DeJtakit©  S34.95  ppd 
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Stereo  Scene 


CHOOSING  YOUR  FM  ANTENNA 


By  Ralph  Hodges 


FROM  its  beginning,  FM  has 
supplied  entertainment  and  in¬ 
formation  to  a  great  number  of  people. 
Of  course,  many  cannot  afford  the  ul¬ 
timate  in  an  FM  tuner;  but  being  de¬ 
pendent  on  the  airwaves,  they  often 
have  a  strong  desire  to  own  such  a 
paragon  to  obtain  exciting  perform¬ 
ance  in  terms  of  low  distortion,  high 
signal-to-noise  ratio,  and  good  stereo 
separation.  But  a  'super  tuner'  does 
not,  as  an  automatic  consequence, 
necessarily  provide  the  ultimate  in 
signal-pulling  power,  number  of  lis- 
tenable  stations,  and  freedom  from 
external  interference. 

There's  a  large  distinction  to  be 
made  between  a  tuner's  function  as  a 
rece/Ver—that  is.  as  a  potent  grabber 
of  airborne  electromagnetic  radiation 
— and  as  a  signal  processor ,  which 
is  the  role  it  plays  once  it  has  that 


clean,  strong  signal  in  its  grasp.  Many 
'super"  tuners,  while  designed  to 
excel  in  both  areas,  surpass  the  per¬ 
formance  of  their  lesser  brethren 
mostly  in  the  signal-processing  func¬ 
tions  (low  distortion,  noise,  etc.).  As 
receivers,  their  superiority  may  not  be 
so  pronounced,  So  in  practice,  what 
this  means  is  that  someone  with  re¬ 
ception  problems  could  possibly  find 
a  readier  cure  by  adding  a  very  good 
FM  antenna  to  an  adequate  tuner.  I 
realize  that  is  an  easy  statement  to 
make,  because  the  problem  *s  where 
and  how  to  find  that  very  good  an¬ 
tenna,  The  various  designs  that  are 
available  can  be  confusing,  to  say  the 
least. 

I  don't  think  antenna  designers  are 
by  nature  secretive  men,  but  they  tend 
not  to  launch  into  full-dress  discus¬ 
sions  of  their  trade  with  the  greatest 


enthusiasm.  You  might  think  they 
were  wary  of  unscrupulous  imitators, 
except  that  all  of  their  work  is  usually 
right  out  in  the  open— literally  on  roof¬ 
top  display— to  inspect  and  copy  if 
you're  so  inclined.  No,  the  real  cause 
of  their  reticence  seems  to  lie  in  the 
craft  itself,  which  is  more  than  com¬ 
monly  resistant  to  textbook  solutions. 

The  consumer  should  not  despair, 
however.  Armed  with  a  little  savvy 
about  antenna  terms  and  specifica¬ 
tions,  and  a  knowledge  of  what  he 
needs  for  his  location,  he  can  get  the 
desirable,  "very  good'  FM  antenna. 

Gain.  A  primary  function  of  an  an¬ 
tenna  is,  of  course,  to  provide  the  re¬ 
ceiver  with  the  strongest  possible 
signal  So  an  antenna  should  have 
high  sensitivity  or  high  gain  Gain  over 
what?  Gam  over  a  dipole,  the  simplest 
type  of  efficient  antenna,  with  two 
metallic  rods  cut  to  the  proper  length 
to  receive  FM  frequencies  as  shown  in 
Fig.  1  The  antenna  s  directional  re¬ 
sponse  is  roughly  like  a  figure-eight, 
with  best  results  at  90  and  270°,  Those 
signals  coming  in  on-end  are  not  re¬ 
ceived  too  well. 

The  dipole  is  the  reference  antenna 
that  is  used  in  comparing  more  com¬ 
plex  designs.  It  is  the  cheapest  to 
make,  and  one  of  its  forms  (the 
"folded"  dipole)  is  often  included  in 
the  "package1'  with  a  tuner  as  a 
T-shaped  piece  of  TV-type  lead-in. 

For  years,  antenna  design  concen¬ 
trated  on  gain  as  a  way  of  overcoming 
the  noisy  front  ends  of  typical  r-f  re* 
ceivers.  Now  some  experts  believe 
that  the  best  possible  results  have 
been  achieved,  given  present-day 
techniques  and  materials,  and  the 
emphasis  is  shifting  to  directionality. 

Directionality  With  tuners  as  quiet 
and  sensitive  as  they  are  today,  ex- 
tremelyhigh  antenna  gain  is  no  longer 
such  a  necessity,  except  in  some  rural 
areas.  In  fact,  it  can  be  a  liability  if  it  is 
available  to  all  signals  impinging  on 
the  antenna. 

Remember  that  the  sky  is  crowded, 
with  (potentially)  hashed-up  versions 
of  the  very  signal  you  want  to  receive,  I 
refer  here  to  the  phenomenon  called 
multipath  reception — the  simultane¬ 
ous  reception  of  one  signal  from  mul¬ 
tiple  sources,  Gn/y  one  of  the  sources 
is  the  transmitting  antenna.  The 
others  are  reflectors  of  the  signal, 
such  as  hills,  water  towers,  tali  build¬ 
ings,  and  anything  else  that  rears  itself 
high  enough  above  the  terrain  and 
POPULAR  ELECTRONICS 
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Fig.  1.  Simplest  antenna  is  the 
half-wave  dipole  (A).  Its  polar 
diagram  is  shown  at  (B). 

contains  a  significant  amount  of  con¬ 
ductive  material.  Like  billiard  cush¬ 
ions,  they  bounce  the  signal  away 
from  its  straight-line  path.  Then  one  of 
these  reflected  signals  can  hit  your  an¬ 
tenna  as  well  as  the  signal  straight 
from  the  transmission  site.  But  what's 
wrong  with  that? 

What’s  wrong  is  that  the  reflected 
signal  arrives  at  your  antenna  later 
than  the  direct  one,  since  the  reflec¬ 
tion  requires  it  to  travel  a  longer  route. 
Then  the  two  signals  experience 
phase  interference  and  the  result  is 
some  ugly  distortion  of  the  original 
broadcast  waveform. 

Multipath  causes  ghosts  in  TV  re¬ 
ception  and  rasping  distortion  in  FM. 
The  latter  is  particularly  noticeable  at 
high  audio  frequencies  and  during 
loud  musical  passages.  It  is  curable, 
much  of  the  time,  if  the  receiving  an¬ 
tenna  is  highly  directional  since  no 
late  reflections  of  significant  strength 
will  arrive  from  precisely  that  same  di¬ 
rection. 

Antennas  And  Tuners.  A  high-gain 
antenna  will  help  any  tuner  rise  above 
its  basic  sensitivity  specification  and 
provide  noise-free  reception  of  sta¬ 
tions  that  may  have  been  out  of  range 
before.  A  highly  directional  antenna 
will  have  the  same  effect  on  other 
tuner  specifications — capture  ratio, 
AM  suppression,  and  selectivity,  to 
name  a  few.  Selectivity  is  simply  a 
tuner's  ability  to  reject  broadcast  fre¬ 
quencies  close  to  the  one  to  which  it  is 
tuned.  If  you  can  aim  your  directional 
antenna  away  from  the  offending  sta¬ 
tions  and  right  at  the  one  you  want  to 
receive,  you  save  the  tuner  the  trouble 
of  trying  to  sort  things  out  internally. 
(If  the  interfering  stations  lie  in  the 
same  direction  as  the  desired  one,  the 
antenna  usually  can’t  do  much,  how¬ 
ever.) 

Good  capture  ratio  and  AM  sup¬ 
pression  are  assets  to  any  tuner  in 
eliminating  multipath  effects.  Capture 
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Which  one  you  like  best  depends  on 
what  you  want  to  do  with  it. 


Our  Ultra  Dynamic  cassette  can 
play  back  every  note  your  system  can 
record. 

Or,  for  a  few  Hertz  less  and  a  lot  of 
cents  less,  you  can  have  quality  almost 
as  good  in  our  Low  Noise  cassettes.  (Its  so 
good,  many  people  compare  it  to  our 
competitors' top-line  products.) 

However,  both  cassettes  feature 
Maxell  "tens! lized"  tape  strength  to  pre¬ 


vent  stretching.  Both  Maxell  cassettes 
feature  the  strongest  shells  made  to  pre¬ 
vent  warping  and  popping.  Both  cas¬ 
settes  come  in  120  minute  lengths  that 
really  work. 

So,  while  our  two  cassettes  have  a 
few  differences,  they're  all  in  your  favor. 

Maxell  Corporation  of  America, 
Moonachie,  New  Jersey  07074.  Also  avail- 
able  in  Canada  mgXEll. 


For  professional  recordings 
'  nt  home. 
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Get  inside  digital 
electronics! 


Bell  &  Howell  Schools  now  offers  you  two  fascinating 
learn-at-home  programs  that  can  equip  you  with  professional 
know-how  in  the  expanding  field  of  digital  technology! 


The  world  of  electronics  is  an 
astounding  place— a  world  that,  in  the 
short  span  or  70  years,  has  taken  us  from 
a  simple  mechanical  age  into  an  age 
where  electronic  sophistication  has 
actually  helped  man  set  foot  on  the  lunar 
surface. 

One  area  of  this  space-age  technol¬ 
ogy  that  has  been  successfully  hamassed 
for  consumer  and  industrial  use  is  digital 
electronics.  It  is  this  breakthrough  that  has 
given  us  such  remarkable  new  products  as 
tiny  pocket  calculators  and  digital-display 
wristwatches.  And  now,  you  can  learn  about 
some  of  the  many  extraordinary  applications  of 
digital  electronics  in  two  special  learn-at-home 
programs  from  Bell  &  Howell  Schools, 

Start  your  exploration  of 
electronics  at  home! 

With  these  exciting  home  learning  adven¬ 
tures  from  Bell  &  Howell  Schools  you'll  experience 
the  true  thrill  of  discovery  as  did  such  electronic 
pioneers  as  Thomas  Edison  and  Dr.  Lee  DeForest. 

And  think  about  this  * . .  they  didn't  discover  elec¬ 
tronics  in  a  classroom,  and  you  don't  have  to  either! 

Whichever  program  you  choose,  test 
new  electronic  theories  as  you  build  and 
experiment  with  the  exclusive  Electro-Lab5 
electronics  training  system! 

With  your  very  first  lesson  you'll  receive  a  special 
Lab  Starter  Kit1  so  you'll  be  able  to  see  how  basic  electron¬ 
ic  principles  actually  work  in  practice.  Then,  step  by  step, 
as  your  understanding  of  electronics  increases,  you  II 
actually  be  able  to  perform  your  own  experiments  and 
work  on  fascinating  projects  from  "scratch'  —  like  building 
the  exclusive  Electro-Lab'*  electronics  training  system. 
This  important  project  helps  you  learn  electronic  skills 
through  "hands  on  "  experience  with  professional  testing 
equipment, The  Electro-Lab"  system  consists  of  a  design 
console  to  help  you  learn  how  to  hookup  circuits  — a  dig- 
itai  multimeter  for  measuring  electrical  voltage,  current 
and  resistance.  And  a  soHd-state"triggered  sweep"  oscil¬ 
loscope  that,  among  other  things,  you'll  use  to  analyze 
the  operation  of  tiny  integrated  circuits.  The  "triggered 
sweep"  feature  locks  in  signals  for  easier  reading. 

I.  HOME  ENTERTAINMENT  ELECTRONICS 
Learn  how  digital  technology  is  being  applied 
to  home  entertainment  products  — build  and 
experiment  with  the  new  generation  25“ 
diagonal  color  TV  with  digital  features! 

To  learn  the  most  advanced  electronics  technology 
you  must  work  with  up-to-date  training  tools.  That's  why 


you'll  build  Bell  & 

Howell  Schools’  25" 
diagonal  color  TV  with 
digital  features  as  part  of 
your  training.  Step  by  step 
you'll  learn  about  the  many 
exciting  applications  of  the 
most  up-to-the-minute  electron¬ 
ics  technology.  And  you'll  have  the 
confidence  in  knowing  that  the  ad¬ 
vanced  skills  you're  learning  will  be  valuable  for  years 
to  come, 

“Hands  on”  training  will  help  you 
understand  advanced  applications  of 
digital  technology! 

Your  "hands  on"  training  will  give  you  a  profes¬ 
sional's  understanding  of  how  this  advanced  technology 
works.  How  features  such  as  on-screen,  digital  display 
channel  numbers  and  a  digital  time  readout  in  hours,  min¬ 
utes  and  seconds  are  possible.  You'll  learn  to  program  an 
automatic  channel  selector  so  that  it  skips  over  dead 
channels  and  Mhomes-in"  on  the  channels  of  your  choice. 
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If  card  has  been  removed*  write: 

An  Electronics  Home  Stud y  School 


And,  how  "state-of-the-art”  integrated  circuitry  and  the 
100%  solid-state  chassis  add  immensely  to  your  under¬ 
standing  of  circuit  theory  and  TV  servicing  techniques. 
You’ll  also  become  thoroughly  familiar  with  the  technol¬ 
ogy  behind  features  such  as  digitally-automated  tuning, 
and  the  outstanding  color  clarity  of  the  Black  Matrix  pic¬ 
ture  tube. 

By  actually  building  and  experimenting  with  this 
exceptional  equipment,  you’ll  gain  the  occupational 
skills,  specialized  knowledge— and 
the  self-confidence  that  could  open 
up  exciting  new  directions  for  you! 


1L  DIGITAL  INDUSTRIAL 
ELECTRONICS 
Our  exclusive  digital  trainer 
will  help  you  discover  today’s 
exciting  applications  of  digital 
electronics  in  industry. 

Industry  is  constantly  finding 
new  applications  for  digital  technology. 

Today,  this  technology  is  helping  to  set 
new  standards  of  accuracy  and  provid¬ 
ing  a  more  precise  method  of  control  in  refining,  food  pro¬ 
cessing,  transportation  and  in  manufacturing'p^nts. 

Mow  Bell  G  Howell  Schools  has  a  learn-at-home 
program  that  could  get  you  involved  in  the  industrial  uses 
of  this  challenging  technology.  The  program  provides  a 
solid  background  in  basic  electronic  principles  and  the 

opportunity  for  you  to  ex¬ 
periment  and  learn  with  the 
bell  G  Howell  digital  trainer. 
This  remarkable  piece  of 
equipment  lets  you  set  up 
and  examine  a  range  of  com¬ 
plex  digitakircuits  like  those 
in  use  in  industry  today.  You 
will  work  with  circuitry  which 
has  many  of  the  numerical 


Now  *  *  *  a  udio/qua  draphonics . , ,  first 
home  program  of  its  kind! 

It's  another firstfrom  a  leader  in  home  learning,  Bel! 
G  Howell  Schools  proudly  introduces  America's  first 
learn-at-home  program  in  audio  electronics  featuring  the 
exploration  of  quadraphonics,  It's  the  ^-channel  "wrap¬ 
around"  sound  system  that  has  opened  a  new  era  in  audio 
technology!  You'll  actually  build  Bell  &  Howell's  4-channel 
audio  center  including  amplifier  and  FM-FM  Stereo  re¬ 
ceivers  a  part  of  the  development  of  professional  know¬ 
how  in  this  exciting  and  promising  new  field.  Get  more 
details  now. ,  .check  the  appropriate  box  on  card  and  mail 
today!* 


Why  not  aim  yourself  in  an  exciting  new  direction 
today— just  check  the  Bel!  &  Howell  Schools'  program 
you're  interested  in  and... 

Mail  the  postage-free  card  right  away! 

Well  see  that  you  get  more  details!  Taken  for  voca- 
these  programs  are  approved  by 
the  state  approval  agency  for 
Veterans'  Benefits. 

VCab-nei  an.d  speakers  available  at  ema  eon 

Simulated  TVpiciu re/test  pattern: 

"Electro- La b  ■  “  is  a  registered  trademark 
of  ihft  Bell  O  Howel!  Company. 


and  process  control  applications  used  in  a  number  of  to¬ 
day's  most  sophisticated  manufacturing  operations. 


Bell  &  Howell  Schools  is  with  you  every 
step  of  the  way! 

You’ll  be  pleased  to  know  that,  throughout  all  of 
these  dynamic  Bell  G  Howell  Schools'  programs,  you're 
just  a  toll-free  phone  call  away  from  expert  assist¬ 
ance  should  you  need  it. 

For  even  more  personal  attention ...  Bel!  & 
Howeil  Schools  has  a  truly  unique  idea  — 

You  can  attend  in-person  help  sessions  sched¬ 
uled  in  over  50  major  cities  at  various 
times  throughout  the  year,  where  you 
can  meet  and  talk  with  fellow  students 
and  receive  additional  assistance 
from  an  instructor 

Once  you've  completed  this  pro¬ 
gram,  your  skills  in  electronic  trouble¬ 
shooting  could  lead  you  in  exciting 
new  directions.  While  we  cannot  offer 
assurance  of  income  opportun  ities  you 
can  use  your  training:  to  seek  out  a  job 
in  the  electronics  industry,  to  upgrade 
your  current  job,  or  as  a  foundation  for  advanced  pro¬ 
grams  in  electronics. 


DeVRY  inSTITUTE  OF  TECH OOLOGY 
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ratio  specifies  the  tuner’s  ability  to  re¬ 
ject  weaker  signals  at  essentially  the 
same  frequency  as  the  desired  one 
(note  that  multipath  has  the  same  av¬ 
erage  frequency  as  the  direct  signal, 
and  is  also  usually  weaker),  while  AM 
suppression  has  to  do  with  fluctua¬ 
tions  in  the  desired  signal’s  strength 
before  it  reaches  the  tuner’s  input 
(such  fluctuations  are  due  to  mul¬ 
tipath  and  a  host  of  other  interference 
factors).  Respectively,  the  two  specifi¬ 
cations  refer  to  a  tu  ner's  effectiveness 
in  ignoring  spurious  FM  and  also  AM 
effects  on  the  incoming  signal.  The 
better  tuners  are  astonishingly  good 
at  this,  but  an  appropriate  antenna  can 
be  even  better.  A  highly  directional  an¬ 
tenna  helps  the  tuner’s  capture  ratio 
by  making  reflections  much  weaker 
than  the  direct  signal.  A  tuner's  AM 
suppression  is  profited  by  both  high 
gain  and  high  directionality. 

Which  Antenna?  There  are  four 
basic  types  of  antennas  available  to 
the  FM  enthusiast:  outdoor  beams 
(both  “yagi”  and  “log-periodic”  types) 
which  are  exclusively  for  FM,  outdoor 
TV  antennas,  indoor  FM  “rabbit  ears” 
and  simple  indoor  dipoles.  Which  is 
right  for  you?  That  depends  on  where 
you  live,  what  you  listen  to,  and  what 
kind  of  a  tuner  you  have. 

The  typical  rooftop  FM  antenna  is  a 
variant  of  the  yagi  or  log-periodic 
principle.  Sometimes  it’s  a  hybrid  of 
the  two.  A  pure  yagi  has  only  one  ac¬ 
tive  crossbar  (“element”)  connected 
to  the  tuner.  The  other  elements  are 
“parasitic,”  either  directing  the  signal 
to  the  active  element  or  reflecting  it 
back.  (The  reflection  here  won't  cause 
multipath.)  The  log-periodic  design 
connects  several  elements  to  the 
tuner  input,  and  these  elements  “cou¬ 
ple”  in  mysterious  ways  to  provide 
gain  over  a  more-or-less  wide  range  of 
frequencies.  Whatever  the  principle, 
the  elements  progressively  increase  in 
length  so  that,  observed  from  above, 
the  antenna  assumes  an  arrowhead 
shape  that  should  be  pointed  at  the 
desired  station’s  antenna  (Fig.  2). 


Both  of  these  antennas  can  be  very 
high  in  directionality  and  gain.  Both 
also  have  their  shortcomings:  imped¬ 
ance  variation  (responsible  for  loss¬ 
es  in  the  antenna-tuner  coupling), 
limited  bandwidth,  and  susceptibility 
to  interference.  I  wish  I  could  advise  as 
to  which  of  these  weaknesses  is  most 
tolerable,  but  the  fact  is  that  it  de¬ 
pends  on  local  (sometimes  very  local) 
reception  conditions.  The  best  an¬ 
tenna  for  you  can’t  be  readily  pin¬ 
pointed  by  even  the  most  expert  of 
experts.  An  adequate  antenna  is  the 
one  your  next-door  neighbor  likes. 

Other  Solutions.  A  TV  antenna  can 
serve  very  well  for  FM  unless  it  has  an 
FM  trap  (optional  on  most  large  out¬ 
door  antennas).  The  FM  band  is  lo¬ 
cated  in  approximately  the  center  of 
the  vhf  TV  band.  Often  there  is  inter¬ 
ference  between  the  two,  so  th  e  trap  is 
used  to  wipe  out  the  interloping  FM 
from  the  TV. 

Assuming  there  is  no  trap,  using  the 
same  antenna  for  both  TV  and  FM  in¬ 
troduces  lots  of  other  potential  prob¬ 
lems.  Sometimes  it  will  work  fairly  well 
when  the  antenna  is  connected  di¬ 
rectly  to  both.  More  often,  a  so-called 
“signal  splitter”  is  required.  Even 
then,  there  may  be  trouble.  The  TV 
screen  is  usually  the  first  to  suffer, 
with  snow  starting  to  appear. 

Can  you  find  happiness  with  an  in¬ 
door  antenna  such  as  the  familiar  rab¬ 
bit  ears?  Many  authorities  resist  the 
idea,  but  it  seems  to  be  possible —  par¬ 
ticularly  in  urban  areas  where  mul¬ 
tipath  rejection  is  more  important  than 
gain.  They  are  mildly  directional  and 
insensitive  to  signals  arriving  from  the 
sides.  Their  great  advantage  over  a 
twin-lead  dipole  is  that  they  are  rigid 
(therefore  easily  rotated  and  aimed) 
and  their  telescoping  elements  are 
tunable  to  various  wavelengths.  But 
rabbit  ears  don’t  offer  exciting  per¬ 
formance  in  any  case. 

.The  final  alternative  is  to  build  your 
own  antenna,  and  sometimes  excel¬ 
lent  results  can  be  obtained.  But  that 
is  a  subject  we  can’t  pursue  here. 


REFLECTOR 


Fig.  2.  Typical  four-element  beam 
(A)  has  directional  polar  plot  (B). 


Accessories.  Afteryou’vechosen  an 
antenna — presumably  an  outdoor  one 
if  you  can  manage  it — your  subse- 
quentdecisions  will  involve  the  proper 
lead-in  cable  and  whether  or  not  you 
need  a  rotator. 

There  are  two  basic  types  of  lead-in: 
coaxial  (or  unbalanced)  and  twinlead 
(balanced).  Coax  is  immune  to  posi¬ 
tioning  and  weather,  and  some  types 
have  low  losses.  Its  characteristic  im¬ 
pedance  (for  RG-59)  is  75  ohms.  If  a 
balanced  antenna  or  tuner  input  is  to 
be  used  with  coax,  it  is  necessary  to 
use  a  “balun”  (ba/anced-to-i/n- 
balanced  line  converter). 

Balanced  line  can  be  used,  but  if  it  is 
not  of  the  shielded  variety,  some  prob¬ 
lems  may  arise.  If  unshielded  twinlead 
is  bent  sharply,  run  close  to  a  metal 
object  or  gets  wet,  its  nominal 
300-ohm  impedance  can  take  off  into 
the  blue.  This  type  of  line  also  de¬ 
teriorates  badly  after  some  exposure 
to  the  elements.  The  problems  in¬ 
volved  in  using  unshielded  twinlead 
are  often  such  that  it  is  hardly  worth 
bothering  with.  Shielded  twinlead,  if 
you  can  find  it,  is  weather-sealed, 
shares  the  noise-immunity  charac¬ 
teristic  of  coax,  and  has  lower  losses. 

A  rotator — an  electric  motor  moun¬ 
ted  on  the  antenna  mast  to  point  the 
antenna  toward  the  direction  of  in¬ 
terest—  plays  no  part  in  the  inherent 
performance  of  an  antenna.  It  is,  how¬ 
ever,  necessary  if  you  want  to  aim  a 
good  directional  antenna  at  stations 
lying  at  different  compass  points.  <$> 
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UPCOMING  AUDIO  SHOWS 


October  10-12 
October  31 -November  3 

November  6-10 
February  12-16,  1976 
March  12-14,  1976 
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BALTIMORE  HI-FI  SHOW 
AUDIO  ENGINEERING  SOCIETY 

(52nd  Convention) 

PHILADELPHIA  HI-FI  SHOW 
DETROIT  HI-FI  SHOW 
SAN  DIEGO  HI-FI  SHOW 


Location  to  be  determined 
Waldorf-Astoria  Hotel,  NYC 

Benjamin  Franklin  Hotel 
Cobo  Hall 

San  Diego  Community  Concourse 


POPULAR  ELECTRONICS 


Quad  Almighty. 


Sansui  QRX-7001 


The  universal  4-channel  receiver. 


Since  4-channel  has  been  created,  music  lovers  everywhere 
have  been  waiting  for  a  universal  method  to  decode  every  4-channel  system.  SANSUI  has  created  it, 
and  here  it  is,  like  a  revelation:  Quad  Almighty. 

The  SANSUI  vario-matrix*  now  incorporated  in  every  SANSUI  4-channel  receiver  is  able  to  decode  effectively 
with  remarkable  musicality  and  clarity,  all  4-channel  matrix  encoded  records,  QS  or  SQ,  tapes  and  broadcasts. 

The  Sansui  QRX-7001  as  well  as  the  QRX-6001  also  incorporates  our  CD-4  demodulator. 

Of  course  the  Sansui  vario-matrix  has  the  unique  synthesizing  capacity  to  give  you  breathtakingly  beautiful  4-channei 
reproduction  from  all  of  your  stereo  records,  tapes  or  broadcasts. 

Also  available  is  the  SANSUI  QRX  6001,  3500,  3000,  and  QR  1500  for  the  fullest  line  of  4-channel  receivers. 

Hear  a  demonstration  of  any  of  the  QRX  family  of  Quad  receivers  at  your 
franchised  Sansui  dealer  today  or  write  to  us  for  our  booklet:  "The  Sounds  of  SANSUI". 

*  Sansul's  unique  technology  that  permits  the  highest  degree  of  channel  separation  and 
gives  unequalled  4-channel  synthesizing  from  any  2-channel  source. 

SANSUI  ELECTRONICS  CORP. 

Woodside,  New  York  11377*  Gardena,  California  90247 •  SANSUI  ELECTRIC  CO  LTD.  Tokyo,  Japan 
SANSUI  AUDIO  EUROPE  S.A.  Antwerp,  Belgium  •  ELECTRONIC  DISTRIBUTORS  (Canada)  B.C. 
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CIRCLE  NO.  49  ON  READER  SERVICE  CARD 


GE  Leaving  Phono  Business 

General  Electric  has  announced  it  is  getting  out  of  the 
portable  phonograph  business.  The  company  is  closing 
its  last’ audio  manufacturing  facility  in  Decatur,  Ill., 
where  it  produces  phonos,  changers  and  Show  ’N  Tell 
phono  viewers,  among  other  products.  However,  inven¬ 
tory  will  allow  GE  to  market  products  at  least  through 
1975. 

Economic  Ups  and  Downs 

The  EIA's  Consumer  Electronics  Group  reports  that 
1974  consumer  electronic  sales  were  the  third  highest  in 
the  industry’s  history.  However,  they  were  down  11.8% 
from  1973,  the  record  year.  In  two  other  areas,  substan¬ 
tial  gains  are  expected  in  1975.  Litton  Industries  pre¬ 
dicts  that  industry  sales  of  home  microwave  ovens  will 
exceed  900,000  units,  representing  a  retail  market  of 
$360  million.  That  would  be  a  25%  increase  over  1974 
sales.  The  Air  Conditioning  and  Refrigeration  Institute 
projects  that  sales  of  electronic  air  cleaners,  which  re¬ 
move  a  large  portion  of  dirt,  pollen,  and  smoke  from 
indoor  air,  will  pass  200,000  units  in  1975.  Annual  sales 
were  10,000  units  in  1960,  100,000  in  1970,  and  about 
194,000  in  1974. 

IC’s  In  The  Body 

Researchers  are  now  readying  biomedical  sensors  using 
IC’s  for  actual  insertion  in  the  body.  This  will  allow  a 
doctor  to  monitor  biological  activities  of  his  patients  dur¬ 
ing  their  normal  routines.  Data  from  the  sensors  can  be 
transmitted  to  a  nearby  receiver,  which  is  linked  to  a 
diagnostic  unit  in  the  doctor’s  office  by  a  telephone  con¬ 
nection.  It  is  possible  that,  in  the  future,  medical  check¬ 
ups  will  involve  nothing  more  than  dialing  your  physi¬ 
cian  and  moving  within  range  of  your  telemeters.  Any 
bioelectric  phenomenon,  such  as  EKG,  EEG,  muscular 
activity  and  nerve  transmissions  could  be  monitored  in 
this  way. 


Checkless  Bill  Paying 

“Pay-by-Phone”  service,  a  computer-based  method  of 
checkless  bill-paying,  allows  a  subscriber  with  any  type 
of  Touch-Tone  telephone  to  initiate  a  transaction  by 
punching  out  code  numbers  identifying  his  bank  ac¬ 
count,  personal  security  code,  payee,  and  amount,  either 
to  an  automated  or  live  teller.  Subscribers  with  conven¬ 
tional  rotary  dial  phones  can  use  the  service  by  giving  the 
same  information  to  a  customer  service  representative.  A 
verified  bank  statement  is  provided  as  proof  of  payment. 
The  system  eliminates  check  writing,  addressing  en¬ 
velopes,  applying  postage,  and  manually  posting  pay¬ 
ments.  It  can  also  be  extended  to  permit  payments  to  be 
made  from  savings  accounts  as  well  as  conventional 
checking  accounts.  Telephone  Computer  Service  of 
Seattle  is  the  developer.  The  first  fully  operative  Pay-by- 
Phone  system  is  operated  by  a  bank  in  Minneapolis.  If 
and  when  your  bank  is  prepared  to  offer  the  service,  they 
will  undoubtedly  let  you  know. 


Electronic  License  Plates 

An  electronic  license  plate  is  being  developed  that  may 
some  day  play  an  important  role  in  automobile  operation. 
The  license  plate  is  a  microwave  transceiver  which 
would  automatically  communicate  with  official  vehicles. 
It  could  respond  with  an  identifying  code  number  when 
electronically  interrogated,  and  serve  as  a  transponder 
for  use  in  a  cooperative-avoidance  radar.  The  plate  in¬ 
cludes  an  r-f  detector,  a  frequency  doubler,  a  modulator, 
and  an  antenna.  It  would  be  about  12  inches  long,  6 
inches  high,  and  half-an-inch  thick.  Covering  the  cir¬ 
cuitry  would  be  a  plastic  radome  displaying  the  license 
number  of  the  vehicle.  Other  uses  might  include  an 
automatic  speeding  indicator,  toll-billing  device,  and  re¬ 
ception  of  safety  messages  about  road  and  weather  con¬ 
ditions. 


Recording  “Firsts” 

RCA  Records  has  released  Massenet’s  “Thais”  as  the 
first  opera  to  be  recorded  in  full-surround  discrete  four- 
channel  sound.  It  stars  Anna  Moffo,  in  the  title  role,  Jose 
Carreras,  Gabriel  Bacquier,  and  Justino  Diaz,  with 
Julius  Rudel  conducting  the  New  Philharmonia  Or¬ 
chestra  and  the  Ambrosian  Opera  Chorus  of  London. 

Anagram,  a  Springfield,  Va.  computer  firm,  is  set  to 
tackle  the  highly  competitive  music  industry  with  its 
13-rank  Wurlitzer  Theatre  organ  and  a  computer  named 
“Genii.”  According  to  the  company,  development  of  the 
computer  permits  exploration  of  utilization  of  computers 
in  the  music  field.  The  “Musictran”  translation  of  writ¬ 
ten  music  to  computer  language  is  processed  by  the 
“Marvel”  computer  program  developed  by  Anagram.  Its 
first  album,  “Two  Loves  Have  I:  Jean  and  Genii,”  is 
produced  mainly  for  organ  and  computer  buffs  and  to 
demonstrate  the  capabilities  of  both  the  organ  and  the 
computer. 

Bicentennial  Amateur  Callsigns 

The  FCC  has  authorized  amateurs  to  use  special  call- 
signs  during  the  bicentennial  celebration  year,  1976. 
Use  of  the  call  letters  will  be  optional,  and  no  notification 
to  the  Commission  will  be  required.  Callsign  prefixes  or 
prefixes  plus  digit  can  be  changed  in  accordance  with 
the  following: 

WA— AA  KH6 — AH6 

WB — AB  KJ6— AJ7 

W— AC  KL7 — AL7 

K— AD  KM6 — AH7 

WD— AE  KP4 — AJ4 

WR— AF  KP6 — AIO 

WN—AK  KS4 — AH4 

KB6 — AG2  KS6 — AH3 

KC4 — AL4  KV4 — AJ3 

KG6 — AG6  KW6 — AG7 

These  special  callsigns  can  be  used  from  0500  GMT 

January  lv  1976  until  January  1,  1977.  Suffixes  remain 


unchanged. 


j 
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POPULAR  ELECTRONICS 


MITS  Altair  Computer  Report 

A  Computer  Language  You  Can  Understand 


ALTAIR  BASIC  is  an  inexpensive,  general-purpose  computer 
language  with  the  power  for  advanced  data  processing.  It  is  easv 
to  learn  and  to  use. 

ALTAIR  BASIC  is  part  of  the  overall  MITS  computer  concept. 
That  is,  computers  must  be  made  understandable  and  affordable. 

ALTAIR  BASIC  comes  in  three  versions.  The  first  of  these  is  a 
4K  BASIC  designed  to  run  in  an  Altair  with  as  little  as  4,000  words 
of  memory.  This  powerful  BASIC  language  has  6  functions  (RND, 
SQR,  SIN,  ABS,  INT,  and  SCN)  in  addition  to  15  statements  (IF  .  *  . 
THEN,  COSUB,  RETURN,  FOR,  NEXT,  READ,  INPUT.  END.  DATA. 
LET,  DIM,  REM,  RESTORE,  PRINT,  STOP  and  4  commands  (LIST, 
RUN,  CLEAR,  SCRATCH). 

The  second  ALTAIR  BASIC  option  is  the  8K  BASIC  designed 
to  run  in  an  Altair  with  as  little  as  8,000  words  of  memory.  This 
BASIC  language  is  the  same  as  the  4K  BASIC  only  with  8  addi¬ 


ALTAIR  USERS  GROUP 

The  Altair  Users  Group  is  both  a  means  of  communi¬ 
cation  among  Altair  Users  and  a  method  of  building  a 
comprehensive  library  of  Altair  Programs.  All  Altair 
purchasers  are  entitled  to  a  free,  one  year  membership 
in  this  group. 

Members  of  the  Altair  Users  Croup  are  encouraged 
to  submit  programs  by  entering  Altair  "Software  Con¬ 
tests'.'  Winners  of  these  contests  are  awarded  prizes  of 
up  to  $1,000  credit  toward  the  purchase  of  an  Altair 
Computer  or  Altair  options. 

Contest  winners  are  announced  in  the  Altair  news¬ 
paper,  Computer  Notes,  which  is  published  monthly 
and  mailed  free  to  all  members  of  the  Altair  Users 
Group.  Computer  Notes  contains  complete  update 
information  on  Altair  hardware  and  software  develop¬ 
ments,  programming  tips,  general  computer  articles 
and  other  useful  information. 

Associate  Memberships  are  available  to  non-Altair 
customers  for  only  $30.00  a  year.  Membership  fees  are 
refunded  to  Associate  Members  who  buy  an  Altair  Com¬ 
puter  within  8  months  after  they  become  a  member. 

COMPUTER  TRADE-IN 

If  you  have  a  Mark  8  or  a  Scelbi-8H  computer  and 
you'd  rather  have  an  Altair  8800,  we  will  offer  you 
$150.00  on  a  trade-in  for  an  Altair  plus  4K  of  memory. 

For  an  Altair  Computer  kit,  send  in  your  used  com¬ 
puter  plus  a  check  for  $561.00  ($439.00  for  an  Altair 
plus  $264.00  for  memory  plus  $8.00  for  postage  and 
handling  minus  $150.00).  For  an  assembled  Altair  with 
4K  of  memory,  send  in  your  used  computer  plus  a  check 
for  $817.00. 


tional  functions  (COS.  LOG.  EXP.  TAN.  ATN.  1NP.  FRE,  POS)  and 
4  additional  statements  (ON..  .  .  GOTO.  ON  ,  .  .  GOSUB,  OUT. 
DEF)and  1  additional  command  (CONT).  This  BASIC  has  a  multi¬ 
tude  of  advanced  STRING  functionsand  it  can  be  used  to  control 
low  speed  devices  — features  not  normally  found  in  many  BASIC 
languages. 

The  third  ALTAIR  BASIC  is  the  EXTENDED  BASIC  version 
designed  to  run  on  an  Altair  with  as  little  as  12,000  words  of 
memory.  It  is  the  same  as  the  8K  BASIC  with  the  addition  of 
PRINT  USING.  DISK  I/O.  and  double  precision  (13  digit  accuracy) 
add,  substract.  multiply  and  divide. 

ALTAIR  BASIC  is  only  the  beginning.  MITS  is  currently  engaged 
in  an  extensive  software  development  program.  Our  Disk  Operat¬ 
ing  System  is  scheduled  for  delivery  in  August.  Other  software 
now  available  includes  an  Assembler,  System  Monitor,  and  Text 
Editor. 


MITS,  6328  Linn,  N.E.,  Albuquerque,  NM  87108  505/265-7553 


1  MAIL  THIS  COUPON  TODAY! 

□  Enclosed  is  check  for  $ _  . 

I  □  BankAmericard  * _ _  □  or  Master  Charge  # - | 

I □  Allair  8800  □  Kit  □  Assembled  □  Options  | 

|  Include  $8  tor  postage  and  handling  (list  on  separate  sheet)  I 

'□  Time  Payment  Plan  □  Altair  Users  Group  Associate  I 

*□  Please  send  free  Altair  System  Catalog  I 

1  NAME _ l 

[  ADDRESS _ \ 

| CITY _ STATE  &  ZIP _ I 

I M ITS/6328  Linn,  N.E.,  Albuquerque,  NM  87108  505/265-7553  1 

■  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

ALTAIR  TIME  PAYMENT  PLAN 
(kits  only) 

The  Altair  time  payment  plan  allows  you  to  be  the  owner  ot  an  Altair 
Computer  with  256  words  of  memory  tor  just  $68.75  a  month.  Each  month 
(for  8  months)  you  send  in  your  pavment  and  we  send  you  part  of  an  Altair 
kit  until  vou  have  the  complete  svstem.  The  advantages  to  this  plan  are: 
NO  interest  or  financing  charge,  GUARANTEED  price  based  on  today's 
price,  and  free,  immediate  membership  to  the  Altair  Users  Group. 

Here's  how  our  payment  plan  works: 


PRICES 

Altair  Computer  kit  with  complete  assembly  instructions  $439.00 
Assembled  and  tested  Altair  Computer  S621.00 

1,024  word  memory  board  $176.00  kit  and  $209.00  assembled 

4,096  word  memory  board  $264,00  kit  and  $338.00  assembled 

Full  Parallel  Interface  board  $92.00  kit  and  $114.00  assembled 

Serial  Interface  board  (RS232)  $119.00  kit  and  $138.00  assembled 

Serial  Interface  board  (TTL  or  teletype) 

$124.00  kit  and  $146.00  assembled 
4K  BASIC  Language  (when  purchased  with  Altair,  4,096  word 

memory  and  Interface  board)  $60.00 

8K  BASIC  Language  (when  purchased  with  Altair,  2  4,096  word 
memory  boards  and  Interface  board)  S75.00 

EXTENDED  BASIC  (when  purchased  with  Altair,  3  4,096  word 
memory  boards  and  Interface  board)  $150.00 

NOTE:  Altair  Computers  and  software  come  with  complete  docu¬ 
mentation  and  operating  instructions.  BASIC  language  is  available 
on  either  paper  tape  or  cassette  tape  (specify).  Warranty:  90  days 
on  parts  for  kits  and  90  days  on  parts  and  labor  for  assembled  units. 
Prices,  specifications  and  delivery  subject  to  change. 

JULY  1975 


You  Pay 
Month  One  $60.75 
Month  Two  $68.75 
Month  Three  $68.75 
Month  Four  $68.75 
Month  Five  S68.75 
Month  Six  $68.75 
Month  Seven  $68.75 
Month  Eight  $68.75 


You  receive 

Assembly,  Operators,  and  Theory  of  Operation  manuals 
Power  Supply  (includes  board  and  all  components) 
Expander  Card 
Case  with  hardware 

IK  Static  Memory  Board  with  256  words  of  memory 
CPU  Board  with  all  components  except  processor  chip 
Control  Board  with  all  components 
Processor  chip 


Total  $530.00  (Retail  price:  Altair  $439.00,  Memory  $103.00,  Postage  and 

handling  S8.00  — total  $550.00) 


Our  terms  are  cash  with  order,  BankAmericard  or  Master  Charge.  If  you 
send  in  an  earh  payment  we  will  make  an  early  shipment.  By  the  same 
token,  a  late  payment  will  result  in  a  late  shipment.  (After  60  days  past 
due,  the  balance  of  the  deal  is  cancelled.  All  payments  must  be  made 
within  10  months) 

Offer  expires  July  30,  1975. 
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PRECISION  i 


Portable  Digital 
Multimeter  at  an 
Analog  Price  only 


*99* 


less  batteries  and  optional 
AC  adapter/charger 


9  reasons  why  our 
new  meter  should 
be  your  next: 

1.  ANALOG  PRICE 

2.  RELIABLE 

Fully  overload  protected 
Built-in  battery  check 
Impact-resistant  Cycolac® 


4.  COMPLETELY  PORTABLE; 
USE  IT  ANYWHERE 

Only  4.38  x  6.38  x  2"  deep 
Operates  from  4  ordinary 
“C”  cells  or  AC  with  optional 
adapter/charger 

5.  HIGH-LOW  POWER  OHMS 

Measures  accurately  in  solid 
state  circuitry 

6.  HIGH  RESOLUTION 

ImV,  1/xA,  0.1  ohm 

7.  DIGITAL  ACCURACY 

DC  volts  typically  ±1% 

F.S.;  AC  volts  and  ohms 
typically  ±2%  F.S.  except 
±2.5%  on  highest  range 

8.  RANGES 

DC  and  AC  volts,  0-1 , 1 0, 

100;  1000V; 

DC  and  AC  current,  0-1,  10, 
100, 1000mA; 

Ohms,  0-100,  IK,  10K,  1  meg, 
10  megs. 

10  meg  industry  standard 
input  impedance 

9.  IN  STOCK  AT  YOUR 
DISTRIBUTOR 


3. 


EASY  TO  READ 

Large  3-digit  LED  readout 

Automatic  polarity,  decimal 
point  and  out-of-range 
indication 


MODEL  280 


Shown 
actual  size 


PRODUCTS  OF  DYNASCAN 

1801  W.  Belle  Plaine  Ave.  Chicago,  IL  60613 
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HOW  TO  PROCRAM 

READ-ONLY 

MEMORIES 

An  experimenter’s  guide  to  programmable  ROM’s — 
what  they  are  and  practical  applications  for  them. 

BY  ROBERT  D.  PASCOE 

PROGRAMMABLE  read-only  mem¬ 
ories  are  unique  among  the  dig¬ 
ital  integrated  circuits  readily  avail¬ 
able  to  experimenters-  What  makes  it 
unique  is  that  it  is  user  programmable. 

You  decide  what  you  want  the  PROM 
to  do  and  program  it  to  do  just  that. 

The  only  “tools**  you  need  are  a  pair  of 
regulated  power  supplies,  some 
switches,  and  a  resistor.  The  pro¬ 
gramming  procedure  itself  is  outlined 
later  on  in  this  article. 

The  PROM  is  one  member  of  the 
standard  ROM  family  of  memories. 

Once  it  is  programmed,  its  memory  is 
nonvolatile,  which  means  that,  if 
power  is  removed  from  and  then  reap¬ 
plied  to  the  PROM,  the  stored  informa¬ 
tion  remains  intact.  By  contrast,  a 
RAM  (random-access  memory)  has  a 
volatile  memory;  if  power  is  inter¬ 
rupted,  when  it  is  again  applied,  what¬ 
ever  information  was  stored  in  the 
memory  will  be  erased. 

The  ROM  (and  PROM)  can  be  made 
from  bipolar  transistors,  in  which  case 
it  is  called  a  bipolar  ROM.  It  can  also 
be  made  from  metal  oxide  semicon¬ 
ductor  devices,  which  makes  it  a 
MOS-ROM.  Whichever  type  it  is,  the 
ROM  is  a  digital  device  that  “remem¬ 
bers”  information  on  the  standard  bi¬ 
nary  format  of  1’s  and  0’s.  The  logic 
levels  remembered  by  the  bipolar 


ROM  are  the  same  as  those  used  in 
TTL  circuits,  whereas  the  levels  re¬ 
membered  by  the  MOS-ROM  are  de¬ 
termined  by  the  supply  voltage  re¬ 
quired  by  the  device  itself. 

Organization.  An  important  charac¬ 
teristic  of  the  ROM  is  its  organization. 
The  ROM  remembers  quantities  of  bi¬ 
nary  “bits”  that  are  organized  into 
“words."  Each  word  has  a  certain 
number  of  bits.  For  example,  one  type 


of  ROM  can  remember  256  bits  of  in¬ 
formation  organized  into  32  words  of 
eight  bits  apiece  (32  words  x  8  bits  = 
256  bits). 

Some  of  the  more  commonly  avail¬ 
able  ROM  s  can  remember  256,  1024, 
2048,  or  4096  bits  in  a  single  1C  chip. 
With  the  various  types  of  ROM  s,  the 
manufacturer  determines  how  the 
total  number  of  bits  is  organized  In  the 
chip. 

The  organization  of  the  bits  deter- 
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SOME  APPLICATIONS  FOR  PROM’s 


ThERE  are  countless  applications  for  the  ROM.  Some  of  the 
more  traditional  ones  use  the  ROM  as  lookup-table  (trigonometry, 
logarithms,  etc.)  memories  in  calculators;  as  micro-instruction  sys¬ 
tems  in  computers;  and  character  generators  for  displaying  al- 
phanumerics  on  a  CRT  screen.  The  following  are  examples  of  what 
you  can  do  with  an  8223  PROM: 

Character  Generator.  A  seven-segment  d isplay  device  can  be 
used  to  create  the  numerals  0  through  9,  a  number  of  upper-  and 
lower-case  letters  of  the  alphabet,  and  some  mathematical 
punctuation — all  with  a  single  8223  PROM  chip.  Because  the  dis¬ 
play  has  only  seven  segments,  it  cannot  form  all  52  upper-  and 
lower-case  or  even  all  26  upper-  or  lower-case  letters. 

In  Fig.  A  is  shown  the  logic  diagram  for  an  alphanumeric/ 
punctuation  generator.  Beside  it  is  the  “truth  table”  we  used  for 
generating  the  32  possible  characters.  Note  that  the  entire  memory 
storage  capability  is  “used  up"  in  this  truth  table.  (This  truth  table 


COMMON-CATHODE 
LED  DISPLAY 


ANODE 

Fig.  A.  Once  PROM  is  programmed  according  to 
truth  table  at  right ,  it  can  generate  numbers , 
letters ,  etc.,  on  7-segment  display  device . 


assumes  a  buffering  transistor  between  the  outputs  of  the  8223 and 
segments  of  the  display.  The  display  can  be  either  an  RCA  2100 
incandescent  or  common-anode  LED  display.  For  common- 
cathode  LED  displays,  all  B„  through  B7  logic  levels  must  be  re¬ 
versed  .) 

All  eight  output  lines  from  the  8223  PROM  are  used,  with  one 
output  assigned  to  each  segment  of  the  display  and  a  final  one  for 
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‘These  letters  are  only  approximations,  included  only  to  use  up  the 
PROM’s  program  capability. 


mines  the  number  of  address  (input) 
and  output  lines  that  will  be  available 
in  a  given  ROM.  Address  input  pins  are 
the  means  by  which  a  specific  word  in 
the  memory  is  accessed  or  selected.  If 
a  particular  ROM  is  organized  with  32 
words  of  eight  bits  per  word,  each 
word  can  be  addressed  with  five  input 
address  lines  (2:’  =  32).  The  address 
00000  would  be  for  word  one,  00001 
for  word  two,  00010  for  word  three, 
and  so  on  until  11111  would  be  for 
word  32.  The  number  of  output  pins 
for  a  small  memory  is  determined  by 
the  number  of  bits  used  per  word  in 
the  memory’s  organization.  In  our  ex¬ 
ample,  the  ROM  would  have  eight 
output  pins. 

The  address  lines  for  a  ROM  are 
usually  denoted  by  the  legends  A,„  A ,, 
Ao,  etc.,  while  the  output  lines  would 


be  denoted  by  B„,  B,t  B2t  etc.  For  a 
five-address-line  input  and  eight-line 
output  ROM,  the  address  pins  would 
be  labelled  Altt  A,,  A,,  A:{,  and  Ab  and 
the  output  pins  would  be  labeled  BU( 
B„  B.,,  B;{,  B|t  B:i)  B(J,  and  B7. 

Illustrated  in  Fig.  1  is  a  basic  256-bit 
(32-word  by  eight-bit)  bipolar  ROM. 
The  address  lines  are  fed  to  logic 
gates  that  decode  the  32  possible 
combinations  of  1’s  and  0’s  that  ap¬ 
pear  on  the  five  address  lines.  These 
32-word  lines  are  denoted  by  the 
legends  wl,  through  wl:ia.  For  the  par¬ 
ticular  ROM  shown,  there  are  eight 
output  transistors  whose  collectors 
are  labelled  B„  through  B7.  The  mem¬ 
ory  “cells”  are  denoted  by  the  legends 
T,  and  To.  There  are  256  of  these  basic 
memory  cells  for  a  256-bit  ROM. 

The  output  lines  from  the  ROM 


would  be  either  high  (logic  1)  or  low 
(logic  0),  depending  on  whether  or  not 
a  conduction  path  exists  between  the 
memory  cell  and  the  output  transistor 
in  each  line.  As  an  example,  if  a  0  is  to 
be  stored  at  Bu  in  word  32,  the  To  re¬ 
sistance  link  (fuse  symbol)  must  be 
present.  If,  on  the  other  hand,  a  1  is  to 
be  stored  at  B„  of  word  32,  the  fuse 
must  be  electrically  removed  (blown) 
from  the  circuit. 

Most  ROM's  have  a  pin  labelled  CE, 
for  “chip  enable,”  that  permits  the 
output  to  be  isolated  from  the  rest  of 
the  circuitry  inside  the  1C.  So,  if  a  1  is 
placed  at  CE  (while  the  address  is 
being  changed),  the  outputs  will  be  at 
the  logic-1  level.  The  placement  of  this 
specific  binary  information  into  the 
ROM  is  called  “programming.”  The 
means  of  programming  is  determined 


28 


POPULAR  ELECTRONICS 


the  decimal  point.  To  use  up  the  entire  storage  capability  of  the 
PROM,  the  entire  00000  through  11111  series  was  used  on  the 
address  lines  (A„  through  AJ.  We  will  discuss  later  how  to  perform 
the  actual  “programming”  procedure  for  the  PROM. 

An  extension  of  the  single-character  generator  is  the  word 
generator.  Here,  we  have  several  PROM’s  and  an  equal  number  of 
displays,  each  programmed  with  identical  information.  Depending 
on  the  number  of  PROM  s  and  displays  desired,  this  system  can  be 
used  to  generate  words,  strings  of  numbers,  identification  and 
license  numbers,  etc.  You  simply  set  the  address  lines  of  each 
PROM  to  generate  the  character  you  want. 

Model  RR  Track  Patterns.  The  PROM  can  also  help  an  HO 
model  railroader  remember  track  patterns  for  his  train  layout.  As  an 
example,  suppose  an  HO  train  layout  has  eight  track  switches  and 
10  possible  track  configurations.  A  PROM  can  be  used  to  re¬ 
member  the  positions  of  the  various  switches  for  the  10  possible 
track  patterns,  as  shown  in  Fig.  B.  The  outputs  of  the  PROM  would 
be  connected  to  the  track  switches  through  electronic  switches 
(driver  transistors).  This  ensures  that  the  output  voltage  levels  of 
the  PROM  are  converted  to  the  proper  voltages  and  currents 
needed  to  move  or  position  the  track  switches. 

The  PROM  must  be  programmed  with  the  appropriate  binary 
codes.  The  words  w,  through  w,()  can  then  be  the  various  track 
patterns  that  the  train  can  have.  The  one-shot  multivibrator’s  out¬ 
put  is  coupled  to  the  CE  input  of  the  PROM  so  that  the  switches  do 


Fig .  B ,  In  model-rail  road  system ,  PROM 
would  be  programmed  to  control  all 
possible  combinations  of  switches  on  track. 


Fig.  C .  Clocked  by  timer  circuit ,  7U90 
counter  delivers  a  J^-bit  input  to  PROM , 
which  controls  triacs  to  turn  lights  on  and  off . 

not  have  voltage  across  their  coils  continuously.  With  the  PROM 
remembering  the  various  track  positions  for  the  eight  switches, 
you  need  only  select  the  pattern  you  wish  and  push  a  button  to 
initiate  the  selection  of  that  pattern. 

Intruder  Deterrent.  When  you  go  away  from  home  for  a  day  or 
longer,  you  probably  use  mechanical  timers  to  turn  on  and  off 
house  lights  to  make  it  appear  that  someone  is  home.  A  PROM  can 
be  used  for  this  purpose  and  is  much  more  effective  in  deterring 
intruders  than  are  mechanical  timers. 

Shown  in  Fig.  C  is  a  system,  built  around  a  PROM,  for  turning  on 
and  off  house  lights  in  a  certain  sequence.  Suppose  that  there  are 
eight  lights  located  throughout  the  house.  The  lights  can  be  con¬ 
trolled  by  individual  triacs,  with  the  triacs  controlled  by  the  outputs 
from  the  PROM. 

Assume  that  10  light  patterns  are  to  be  used  in  the  evening  hours. 
Word  one  can  be  a  basement  and  a  living  room  lights-on  com¬ 
mand,  word  two  can  be  a  living  room  and  a  kitchen  lights-on 
command,  and  so  on. 

The  various  patterns  of  lights  (words)  can  be  selected  by  chang¬ 
ing  the  address  inputs,  which  are  connected  to  a  7490  decade 
counter.  A  555  timer  can  be  used  to  change  the  outputs,  of  which 
there  are  a  possible  10,  of  the  7490.  This,  in  turn,  changes  the 
lighting  sequence  for  the  house.  With  this  arrangement,  various 
lights  in  the  house  can  be  changed  every  so  often  to  give  the 
appearance  that  someone  is  home  and  moving  from  room  to  room. 


by  the  type  of  ROM.  The  two  major 
types  of  ROM’s  are  the  custom- 
programmed  and  the  field-pro¬ 
grammable  ROM. 

With  custom-programmed  ROM's, 
the  manufacturer  places  the  binary  in¬ 
formation  (links  or  no  links)  into  the 
memory  as  specified  by  the  user.  Cus¬ 
tom  programming  of  ROM’s  can  be 
very  expensive  when  only  small  quan¬ 
tities  are  ordered.  To  reduce  the  high 
cost  of  small  quantities  of  ROM's, 
manufacturers  offer  the  field-pro¬ 
grammable  ROM  or  PROM. 

The  PROM  is  an  ordinary  ROM  that 
has  all  of  its  on-chip  fuses  intact.  A 
256-bit  PROM  would  have  256  of  these 
fuses,  one  for  each  bit  of  memory.  The 
user  can  program  information  into  the 
PROM  simply  by  blowing  selected 
on-chip  fuses.  The  fuses  are  blown 


open  by  passing  a  specific  amount  of 
current  through  them  for  a  specified 
period  of  time.  (The  Signetics  8223  is 
an  example  of  a  256-bit  PROM.  It  is 
readily  available  from  a  number  of 
surplus-parts  suppliers  for  about 
$4.50.  This  PROM  is  organized  into  32 
words  of  eight  bits  per  word.) 

Erasable  PROM’s.  ROM  s  are  usu¬ 
ally  thought  of  as  having  permanent 
binary  information  programmed  into 
their  memories.  Once  information  is 
programmed  into  an  ordinary  ROM,  it 
cannot  be  altered.  Recently,  however, 
a  new  type  of  PROM — the  erasable 
PROM — has  become  available.  This 
type  of  PROM  permits  information 
stored  semi-permanently  to  be  erased 
and  new  information  to  be  repro¬ 
grammed  in. 


One  type  of  erasable  PROM,  the 
2048-bit  MM5203,  is  made  by  National 
Semiconductor  Corp.  It  can  be  erased 
by  concentrated  shortwave  ultraviolet 
light.  (It  is  available,  surplus,  forabout 
$24.)  The  MM5203  is  housed  in  a 
16-pin  dual  in-line  package  (DIP)  with 
a  quartz  top  that  is  transparent  to 
shortwave  UV  light.  The  2048  bits  are 
organized  as  either  256  words  of  eight 
bits  per  word  or  512  words  of  four  bits 
per  word. 

The  advantage  of  the  erasable 
PROM,  as  opposed  to  the  nonerasable 
PROM,  is  that  it  can  be  used  over  and 
over  again  for  different  programs.  The 
unwanted  information  is  simply 
erased  by  directing  UV  light  through 
the  IC’s  quartz  “window"  and  repro¬ 
gramming  as  desired. 

Another  type  of  erasable  PROM 
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Fig.  2.  In  this  programming  setup,  both  power  supplies 
must  be  regulated.  Once  PROM  is  programmed,  its 
memory  can  be  checked  as  described  in  the  te.vt. 


PREPARING  A 
PROGRAMMING  AND 
ADDRESSING  TRUTH 
TABLE  FOR  PROM’S 

Because  the  PROM  Is  a  logic  ele¬ 
ment,  programming  and  addressing  it 
must  conform  to  the  rules  of  logic.  To 
do  this,  a  truth  table  must  be  drawn  up 
for  the  programming  procedure.  This 
same  truth  table  is  also  used  for  ad¬ 
dressing  the  ROM  after  programming 
has  taken  place  so  that  stored  informa¬ 
tion  can  be  retrieved. 

There  are  two  approaches  you  can 
use  when  working  up  your  truth  table. 
The  first  is  an  arbitrary  table,  used 
mainly  for  demonstration  purposes. 
Since  you  would  key  in  the  address 
codes  by  manually  setting  switches, 
you  can  use  any  address  system  that 
suits  your  fancy.  The  truth  table  ac¬ 
companying  the  diagram  in  Fig.  A  is  an 
example  of  the  arbitrary  approach. 

For  more  practical  applications,  ad¬ 
dress  code  selection  would  be  under 
the  control  of  the  digital  system  in 
which  the  PROM  is  to  be  used.  In  this 
case,  the  programming  truth  table  for 
both  input  and  output  codes  must  con¬ 
form  to  those  required  by  the  system.  A 
typical  example  is  a  BCD-to-7-segment 
decoder. 

Let  us  assume  a  7490  decade 
counter's  encoded  output  is  to  be  used 
to  drive  a  seven-segment  LED  display. 
All  decoding  can  be  accomplished 
with  a  PROM.  The  PROM  will  then  feed 
inverter/buffer  transistors,  which  in 
turn  will  power  thedisplay's  segments. 
The  truth  table,  with  the  7490’s  DC  BA 
output  lines  feeding  the  8223's 
AjjA^A ,A0  address  lines  respectively, 
would  be: 

A  ,  A.,  A-  A  |  A„  Br  Bn  B-  B  ,  B:(  B..  B,  B„ 

NO.  DCBA  gfedcba 
0X0000X0111111 
1  X0001X0000110 

2X0010X1011011 

3  X0011X1001111 

4  X0100X1100110 
5X0101X1101101 
6X0110X1111101 
7X0111X0000111 
8X1000X1111111 
9X1001X1101111 


The  DCBA  in  the  heading  represents 
the  outputs  from  the  7490,  while  the 
gfedcba  represents  the  display  seg¬ 
ments  controlled.  The  X’s  are 
don’t-care  states,  since  there  is  no 
input  to  the  A.,  input  nor  output  termi¬ 
nation  for  the  B7  output  lines  of  the 
8223  PROM. 


— this  one  not  so  readily  available  to 
experimenters — is  the  Nitron  Com¬ 
pany’s  NC7010  EAROM.  This  device 
can  be  erased  electrically  in  one 
second.  It  can  be  erased  and  repro¬ 
grammed  up  to  a  million  times.  The 
NC7010  is  organized  as  512  words  of 
two  bits  per  word. 

How  to  Program  a  PROM.  The 

8223  PROM  used  in  the  applications 
described  is  shipped  with  all  of  its 
outputs  at  a  logic-0  level.  This  means 
that  all  of  its  on-chip  fuses  are  intact. 
If  a  logic  1  is  to  be  written  into  the 
PROM's  memory,  the  fuses  must  be 
blown.  The  procedure  for  blowing  se¬ 
lected  fuses  is  called  programming. 
It  can  be  performed  with  the  circuit 
shown  in  Fig.  2.  The  +5-  and  +12.5- 
volt  power  supplies  must  be  regu¬ 
lated.  Switch  SI  is  a  two-circuit  push¬ 
button  switch,  with  one  set  of  contacts 
normally  open  and  the  second  set  nor¬ 
mally  closed.  Switch  S2  is  a  dpdt  slide 
or  toggle  switch,  while  switch  S3 
must  be  a  non-shorting  rotary  switch 
with  eight  or  more  positions. 

After  wiring  together  the  Fig.  2  cir¬ 
cuit,  program  the  PROM  as  follows: 

1 .  Set  S2  to  the  burn  position.  (Note: 
Never  operate  SI  when  S2  is  set  to 
BURN.) 

2.  Feed  the  proper  logic-1  (+5-V) 
and  logic-0  (0-V  or  ground)  code  for 
word  one  onto  address  lines  A„ 
through  A.,  via  S4  through  S8. 

3.  Set  S3  to  the  first  PROM  output 
line  position  in  which  a  fuse  is  to  be 
blown  according  to  your  program¬ 
ming  truth  table. 


4.  Depress  SI  for  about  a  half  sec¬ 
ond  and  release.  This  action,  in  blow¬ 
ing  the  fuse,  develops  considerable 
localized  on-chip  heat;  so,  do  not 

depress  SI  for  longer  than  a  full 
second 

5.  Allow  several  seconds  of  cooling 
down  time  for  the  chip. 

6.  Set  S3  to  the  next  output  line  in 
which  a  fuse  is  to  be  blown. 

7.  Repeat  steps  4  and  5  for  each  out¬ 
put  line  in  which  a  fuse  is  to  be  blown. 

8.  Set  S4  through  S8  for  the  logic 
required  for  word  two. 

9.  Repeat  steps  3  through  7. 

10.  Continue  to  address  the  PROM 
for  each  succeeding  word,  repeating 
steps  3  through  7  as  you  proceed  from 
word  to  word,  until  you  have  com¬ 
pleted  programming  the  PROM. 

The  schematic  diagram  shown  in 
Fig.  2  depicts  a  program  and  test  cir¬ 
cuit.  As  you  finish  steps  3  through  7 for 
each  word,  set  S2  to  test  (do  not 
change  the  address  code  yet)  and,  ob¬ 
serving  the  meter,  check  the  PROM’s 
outputs  by  cycling  through  S3’ s  posi¬ 
tions.  Logic  0  will  be  indicated  by  the 
pointer  swinging  to  near  the  scale’s 
zero  index,  while  logic  1  will  be  indi¬ 
cated  by  about  a  +5-vo!t  reading. 
Once  you  have  verified  that  the  pro¬ 
gram  has  "taken”  for  a  given  word,  set 
up  the  circuit  for  programming  into 
the  PROM’s  memory  the  next  word 
that  you  want. 

After  making  sure  that  the  PROM  is 
properly  programmed,  affix  some 
identifying  code  on  its  case  and  truth 
table  and  file  away  the  latter  in  a  safe 
place  where  it  will  not  get  lost.  <$> 
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•  Automatic  “on’'  when  ac  power  fails 
m  Full-wave  battery-charging  circuit 

•  Doubles  as  lantern  flashlight 

•  Compact,  neat  design 


BY  WILLIAM  OLDACRE 


WHEN  a  power  blackout  occurs, 
one  is  likely  to  get  caught  in  the 
dark  without  ready  access  to  a  flash¬ 
light  or  candle.  Here  is  a  hand 
emergency  light  to  solve  the  problem, 
minimizing  possible  injury  and  fear 
due  to  darkness. 

This  emergency  light  goes  on 
automatically  whenever  ac  power  is 
interrupted  for  one  second  or  more, 
providing  several  hours  of  light  before 
a  recharge  is  needed.  (The  1-second 
delay  is  built  in  to  prevent  flickering.) 
In  addition,  the  system  includes  a  bat¬ 
tery  charger  which  maintains  full 
charge  on  ordinary  nickel-cadmium 
batteries.  It  can  also  double  as  a  port¬ 
able  flashlight  and  is  designed  into  a 
neat,  small  package. 

This  home  safety  device  is  simple  to 
build,  requiring  easy-to-get  parts  and 
modification  of  an  inexpensive 
lantern-type  flashlight. 

How  It  Works.  The  schematic  of  the 
emergency  light  is  shown  in  Fig,  1. 


Transformer  T1.  RECTI  (a  full-wave 
bridge  rectifier),  and  filter  capacitor 
Cf  form  a  low-voltage  dc  power  sup¬ 
ply,  When  line  voltage  is  applied  to  the 
circuit.  LEDt  glows.  Current  through 
LED1  is  limited  by  R1.  The  power  sup¬ 
ply  provides  charging  current  for  bat¬ 
tery  Bh  two  NtCd  cells.  Diode  07  pre¬ 
vents  the  battery  from  discharging 
back  through  the  LED.  Charging 
current  is  limited  by  either  R3  or  R4. 
When  switch  S 7  is  in  the  slow  posi¬ 
tion.  R3  allows  33  mA  to  flow  into  the 
battery.  When  SI  is  placed  in  the  fast 
position,  R4  provides  100  mA,  which 
charges  07  more  quickly. 

The  dc  voltage  also  energizes  relay 
K7,  Since  the  relay  coil  is  energized 
under  normal  (line  voltage-on)  condi¬ 
tions,  it  might  tend  to  get  very  warm. 
To  keep  the  coil  cool,  resistor  R2  is 
placed  in  series  with  it,  lowering  the 
amount  of  continuous  current  flow. 
The  path  between  the  battery  and  the 
light  bulb  (/7)  is  controlled  by  the  relay 
contacts.  Under  line-on  conditions,  no 


current  can  flow  through  the  bulb. 

When  the  line  power  drops  out. 
however,  the  relay  coil  is  de-en- 
ergizedT  and  the  contacts  complete 
the  circuit  between  the  battery  and  the 
light  bulb.  The  bulb  automatically 
lights  up,  providing  emergency  il¬ 
lumination.  To  prevent  the  emergency 
light  from  flashing  on  and  off 
whenever  the  line  voltage  drops  for  a 
fraction  of  a  second  (for  example, 
when  your  refrigerator  compressor 
kicks  in) .  we  take  advantage  of  the  fact 
that  it  takes  about  one  second  for  the 
voltage  across  C7  to  decay  to  the  point 
where  the  relay  drops  out.  The  expo¬ 
nential  properties  of  the  RC  circuit 
smooth  out  any  instantaneous  varia¬ 
tion  in  line  voltage. 

The  flashlight  is  a  self-contained 
unit  which  connects  to  the  power 
supply  through  a  three-conductor 
power  plug-jack  combination.  When 
independent  flashlight  operation  is 
desired,  switch  S2  takes  over  the 
relay  s  switching  operations  by  pro- 
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Fig.  1.  Schematic  of  the  emergency  light .  Power 
failure  causes  Kl  to  drop  out ,  supplying  power  to  ll . 

PARTS  LIST 


B! — Two  General  Electric  GC-3 
1.25-volt,  1.2  A-hour  nlckle-cadmium 
batteries 

Cl — 1000-|iF,  16-volt  upright  electroly¬ 
tic  capacitor  (Radio  Shack  273-958  or 
equivalent) 

D1 — 1-A,  50-PIV  silicon  rectifier 
FI — Va~ A  fuse  (Buss  AGC  Va  or  equiva¬ 
lent) 

J1 — Three-conductor  power  jack 
(Cinch-Jones  S303AB  or  equivalent) 
Kl — 6-volt  SPDT  relay  (Radio  Shack 
275-004  or  equivalent) 

LED1 — Light  emitting  diode  (Sprague 
ED- 123  or  equivalent) 

PL1 — Three-conductor  power  plug 
(Cinch-Jones  P303AB  or  equivalent) 
Rl— 120-ohm,  1-watt  resistor 
R2 — 220-ohm,  ^-watt  resistor 
R3 — 150-ohm,  V£-watt  resistor 
R A — 51 -ohm,  2- watt  resistor 
RECTI — 2-amp,  50- PI  V  bridge  rectifier 
(Radio  Shack  276-1151  or  equivalent) 
SI — SPDT  miniature  toggle  switch 


viding  an  alternate  path  for  current 
flow  from  the  battery  to  light  bulb  II, 


Construction.  The  emergency  light 
is  composed  of  two  units:  a  portable 
flashlight  and  the  base/recharger 
which  it  plugs  into. 


S2 — SPST  pushbutton  switch  (furnished 
with  lantern) 

T1 — 6.3-volt,  300-mA  filament  trans¬ 
former  (Radio  Shack  273-1384  or 
equivalent) 

Misc. — Chassis  box  (4"  x  246"  x  6" 
(Radio  Shack  27-252  or  equiv.),  lan¬ 
tern  (Sears  4841,  Ray-O- Vac  L295  or 
equiv.),  fuse  clips  (Buss  5682-41  or 
equiv.),  metal  battery  holder  (Radio 
Snack  270-1439  or  equiv.),  piece  of  1" 
wood  4"  sq.,  W  x  aluminum  angle 
stock,  W-inch  metal  spacers,  printed 
circuit  or  perforated  board,  line  cord, 
rubber  grommets,  battery  holder, 
wood  screws,  machine  hardware, 
brass  shim  stock,  adhesive-backed 
decorative  vinyl,  dry-transfer  letter¬ 
ing,  hookup  wire,  solder,  etc. 

Note — A  pre-drilled,  etched  epoxy 
printed  circuit  board  is  available  for 
$3.75  postpaid  from  William  Oldacre, 
Box  12951,  University  Station, 
Gainesville,  FL  32601. 


Fig.  2 .  Etching  and  dtilling 
guide  for  pc  board  is  below; 
component  placement  at  right. 


(10-cm)  leads  should  be  connected 
from  LED1  to  the  appropriate  pads  on 
the  circuit  board.  Three  4-inch  (10-cm) 
leads  should  be  run  from  the  board  for 
SI,  and  three  10-inch  (25.4-cm)  leads 
fo r PL1.  Drill  holes  intheutility  boxfor 
pc  board  standoffs,  rubber  feet,  LED1, 
SI,  and  the  line  cord.  Insert  the  line 
cord  through  its  hole  using  a  grommet 
or  strain  relief  and  connect  its  leads  to 
the  transformer  primary.  Then  mount 
the  circuit  board  in  the  utility  box 
using  %-inch  (0.64-cm)  metal  spacers. 

The  prototype  uses  Cinch-Jones 
three-conductor  power  connectors, 
but  substitutions  are  OK.  Drill  two 
mounting  holes  in  the  wood  block 
and  a  hole  for  PLI’s  leads  through 
the  cover  of  the  utility  box.  Install  a 
grommet  in  the  hole  for  the  leads. 

Plug  PL1  is  mounted  on  a  3V2"x  31/2" 
x3/4"(8.9x8.9x  1.9  cm)  block  of  wood, 
which  is  covered  with  walnut  grained 
adhesive-backed  vinyl.  Drill  holes  on 
the  bottom  side  for  mounting  hard¬ 
ware  (make  sure  these  don’t  go  all  the 
way  through),  PL1,  and  the  top  two 
metal  guide  rails  (completely  through 
the  block).  These  rails  should  be 
fashioned  from  3/4" x  Vs"  (1.9  x  0.32  cm) 
aluminum  angle  stock.  Round  the 
corners  of  the  aluminum,  and  drill  two 
holes  for  securing  hardware.  Position 
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Components  forming  the  recharger 
circuit  should  be  mounted  on  a 
printed  circuit  or  perforated  board. 
Etching  and  drilling  and  component 
placement  guides  for  pc  board  fabri¬ 
cation  are  shown  in  Fig.  2.  Mount  the 
components  on  the  board,  paying 
close  attention  to  the  polarities  of  Cl, 
D1 ,  the  leads  to  LED1,  and  RECT. 
(Align  the  rectifier  so  that  the  dot  on 
thetop  of  the  case  faces  north.  Thepin 
facing  north  is  the  +dc  output.  South 
is  negative,  east  and  west  are  the  ac 
inputs  from  the  secondary.)  Fuse  FI 
can  be  mounted  either  on  the  back 
panel  using  a  panel-mount  holder,  or 
on  the  circuit  board  using  standard 
fuse  clips.  The  clips  require  4-40 
mounting  hardware.  The  two  4-inch 
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the  rails  so  that  they  accept  the  flash¬ 
light  you  choose  to  use  (the  one  in  the 
photo  is  a  Sears  model),  and  then  drill 
holes  into  the  top  of  the  wood  block  to 
match  those  in  the  guide  rails.  Give  the 
rails  a  brushed  appearance  by  rubbing 
them  lengthwise  with  fine  steel  wool 
under  running  water,  Then  attach  the 
rails  to  the  block  with  Vz"  (1.25  cm) 
roundhead  wood  screws. 

Secure  plug  PL1  to  the  wood  block 
and  attach  the  appropriate  leads  from 
the  circuit  board.  Mount  the  block  on 
the  top  of  the  utility  box’s  cover,  lining 
up  the  holes  you  previously  drilled. 
Secure  the  block  to  the  cover  with 
roundhead  wood  screws. 

Final  assembly  of  the  base/ 
recharger  may  now  be  accomplished. 
First,  label  the  front  panel  as  shown  in 
the  photo  using  dry-transfer  letters. 
Then  apply  several  light  coats  of  clear 
acrylic  spray.  This  will  prevent  the  let¬ 
ters  from  being  worn  off.  After  the 
spray  has  dried,  secure  SI  in  its 
mounting  hole.  If  your  LED1  has  no 
mounting  collar,  use  a  V4-inch 
(0.64-cm)  O.D.  rubber  grommet  to 

SELECTING  AN  INCANDESCENT  BULB. 

The  battery  power  source  used  in  the 
emergency  light  holds  a  power  capac¬ 
ity  of  1.2  ampere-hours  at  2.5  volts 
(when  fully  charged).  This  means  that  it 
can  keep  a  1.2-A  current  flowing  for 
one  hour.  Alternatively,  it  can  sustain  a 
0.6-A  current  for  two  hours,  0.3-A  for 
four  hours,  and  so  forth.  Obviously,  the 
smaller  the  current  drain  from  the 
power  source,  the  longer  the  flow  can 
continue.  You  will  have  to  decide  for 
yourself  how  long  you  will  need  the 
light  to  function  before  the  NiCd  cells 
are  completely  discharged. 

If  you  live  in  an  area  plagued  with 
frequent  (but  brief)  power  blackouts, 
this  discharge  time  is  not  too  impor¬ 
tant.  Alternatively,  if  your  neighbor¬ 
hood  gets  rare  (but  prolonged)  power 
losses,  duration  of  the  power  source 
should  be  extended. 

These  factors  will  dictate  your 
choice  of  lantern  light  bulb.  The  type 
PR-2  light  bulb,  which  draws  0.5  A  at 
2.4  volts,  will  discharge  the  battery 
source  in  about  2  hours  and  a  quarter 
If  you  choose  a  PR-4  bulb  instead,  the 
NiCd  cells  will  last  about  45%  longer, 
since  it  draws  only  0.27  A  at  2.3  volts. 
Although  the  PR-4  will  produce  less 
light  than  the  PR-2,  many  builders  will 
prefer  it  because  it  is  easier  on  the  sup¬ 
ply.  If  even  longer  duration  (and  a  lower 
light  level)  are  desired,  you  can’choose 
a  less  demanding  bulb  type  or  add 
current-limiting  resistors  in  series  with 
the  bulb. 


Fig.  3.  Base  with 
re  charger  is  shown 
without  cover. 

Flashlight  plugs 
into  socket  on 
wooden  block. 


keep  the  LED  secure.  Slip  the  cover 
onto  the  utility  box  and  secure  it  with 
the  hardware  provided  for  this  pur¬ 
pose.  This  completes  the  assembly  of 
the  base/recharger. 

It  is  necessary  to  modify  the  hand 
lantern  that  you  choose.  Disassemble 
the  lantern,  and  find  the  "molding 
line"  running  down  the  middle  of  the 
housing.  This  can  be  used  to  accu¬ 
rately  center  the  power  jack  J1 .  Cut  a 
hole  in  the  bottom  of  the  housing  that 
conforms  to  the  power  jack  you  will 
install.  Use  a  very  sharp  safety  knife  to 
cut  the  plastic.  Drill  holes  for  the 
mounting  screws  for  the  jack  and  for  a 
metal  battery  holder.  Rather  than  sol¬ 
dering  inside  the  lantern  housing, 
prewire  the  components  outside  the 
housing  as  shown  in  Fig.  4.  Replace 
the  light  bulb  with  a  lower  voltage  unit 
(see  accompanying  box). 

Do  not  solder  the  light  bulb  lead  to 
the  brass  rivet  on  the  back  of  the 
bulb's  nylon  retainer  nut.  Instead,  re¬ 
move  the  compression  spring  and 
solder  the  lead  to  one  loop  of  spring. 
Then  replace  the  spring  and  feed  the 
wire  through  the  hole  in  the  rivet.  To 
make  bulb  replacement  more  conven¬ 
ient,  install  asmall  in-line  connectorin 
the  lead  between  the  spring  and  ter¬ 
minal  of  jack  J1.  A  U-shaped  clip 
which  fits  around  the  barrel  of 
the  lamp  socket  is  furnished  with  the 
lantern.  Solder  two  leads  to  the  clip, 
one  of  which  is  connected  to  terminal 


3  of  J1.  Connect  the  other  to  S2  as 
shown  in  the  schematic.  Note  that  S2 
is  the  lamp’s  original  on/off  switch. 
Fasten  the  U-shaped  clip  to  the  lamp 
socket  base.  Complete  the  wiring  of 
J1  and  S2,  and  then  i nstall  two  1 .25-volt 
NiCd  batteries  in  the  metal  holder. 
Reassemble  the  lantern. 

Testing.  Make  one  final  check  of  all 
wiring  before  applying  power  to  the 
unit.  Then,  setting  the  lantern  aside, 
plug  the  line  cord  into  a  wall  socket.  A 
distinct  click  should  be  heard  as  the 
relay  is  energized,  and  LED1  should 
glow.  If  all  is  well,  plug  the  lantern  into 
the  base/recharger.  If  II  lights  up, 
switch  if  off  with  S2.  (If  this  doesn’t 
turn  II  off,  disconnect  the  line  cord 
and  recheck  all  wiring.)  Allow  the  bat¬ 
teries  to  charge  for  about  ten  minutes 
with  SI  in  the  fast  position.  Then 
simulate  a  power  failure  by  discon¬ 
necting  the  line  cord.  The  lantern 
should  light  up  after  a  one-second 
delay.  If  the  lantern  checks  out  OK, 
plug  the  line  cord  back  into  the  wall 
socket,  and  allow  the  batteries  to 
charge  for  at  least  16  hours. 

Operation.  The  lantern  should  be 
placed  where  fail-safe  illumination  is 
most  needed.  After  the  initial  charge 
(with  SI  in  the  fast  position),  use  the 
slow  charge  rate,  as  this  will  offer  ex¬ 
tended  battery  life  and  slightly  lower 
consumption.  <£ 


Fig.  4-  Modifying 
flashlight  is  best 
done  bg  working 
outside  the 
flash  l igh  t  housi ng. 
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DURING  the  summer  months, 
when  power  demands  peak, 
brownouts  are  an  all  too  common 
occurrence.  As  power  companies 
cut  back  on  the  amount  of  voltage 
delivered  to  the  ac  outlets  in  your 
home,  the  picture  on  your  TV  re¬ 
ceiver  is  likely  to  shrinkand  lose  color, 
your  lights  might  dim  slightly,  and 
some  of  your  appliances  may  have 
difficulty  operating  on  the  unaccus¬ 
tomed  low  voltage.  Some  electrically 
operated  appliances  can  even  be  ir¬ 
reparably  damaged  if  they  are  oper¬ 
ated  on  too  low  a  voltage. 

Most  people  just  grit  their  teeth  and 
try  to  bear  with  the  inconveniences  of 
the  brownout  situation.  This  is  one 
way  to  approach  the  problem,  but  a 
more  practical  approach  would  be  to 
use  a  device  that  will  restore  the  line 
voltage  level  to  normal.  This  is  exactly 
what  the  Power  Guard  is  designed  to 
do.  It  is  completely  automatic.  As  the 


CONSTRUCTION 


line  voltage  begins  to  fall  below  a  pre¬ 
determined  level,  the  Power  Guard 
compensates  for  the  reduction  by 
boosting  the  voltage  available  at  its 
output.  Then,  when  the  power  com¬ 
pany  restores  normal  service,  the 
Power  Guard  switches  itself  out  of  the 
line,  to  remain  ready  to  go  into  action 
again  when  the  next  brownout  occurs. 

About  the  Circuit.  A  voltage¬ 
sensing  circuit  that  operates  a  relay, 
causing  it  to  switch  a  transformer  in 
and  out  of  the  ac  line  is  the  heart  of  the 
Power  Guard  (see  Fig.  1).  The  sensing 
circuit  is  made  up  of  the  voltage  di¬ 
vider  formed  by  R1  and  R2 ,  neon  lamp 
II,  and  silicon  controlled  rectifier 
SCR1 . 

When  switch  SI  is  set  to  on,  line 
voltage  is  applied  across  the  R1IR2 
divider  network.  Assuming  that  this 
potential  is  greater  than  105  volts  ac, 
II  will  fire.  This,  in  turn,  indicates  that 
the  power  available  at  the  wall  outlet  is 
at  a  “normal”  level.  By  adjusting  R2} 
the  line  potential  at  which  II  is  trig¬ 
gered  can  be  varied. 

When  II  comes  on,  it  applies  current 
to  the  gate  of  SCR1 ,  triggering  the  sili¬ 
con  controlled  rectifier  into  conduc¬ 
tion  and  energizing  relay  Kh  When 
this  happens,  the  relay’s  lower  set  of 
contacts  places  output  receptacle 
SOI  directly  across  the  ac  line. 


Capacitor  Cl  across  the  solenoid  of 
K1  eliminates  the  possibility  of  relay 
chatter  that  would  normally  be  caused 
by  the  rectified  voltage  coming 
through  SCR1. 

When  a  brownout  occurs  and  the 
line  voltages  drops  below  the  value 
predetermined  by  the  setting  of  R2t  II 
extinguishes  and  removes  gate  cur¬ 
rent  from  SCR1.  This  causes  the  SCR 
to  cut  off  on  the  next  zero  crossing  of 
the  line  voltage  and  deenergizes  K1. 
This,  in  turn,  switches  the  secondary 
of  T1  into  the  circuit,  which  is  de¬ 
signed  to  add  the  primary  and  second¬ 
ary  voltages.  This  “boosted”  voltage 
is  then  delivered  to  SOI .  The  mag¬ 
nitude  of  the  voltage  boost  depends 
on  the  secondary  voltage  of  T1  at  the 
reduced  line  voltage.  The  point  at 
which  the  boost  comes  into  play  de¬ 
pends  on  the  setting  of  R2.  (Note  also 
that,  when  the  boost  circuit  is  operat¬ 
ing,  12  comes  on  to  provide  a  visual 
indication  that  line  voltage  is  down.) 

Tracking,  the  opening  and  closing 
of  the  relay’s  contacts  caused  by 
minor  changes  in  line  voltage,  is 
eliminated  by  II t  The  reason  for  this  is 
that  the  neon  lamp’s  firing  voltage  is 
higher  than  that  required  to  maintain  it 
in  the  ionized  state.  So,  whilethe  lamp 
requires  about  110  volts  to  fire,  it  will 
not  extinguish  until  the  line  voltage 
drops  to  105  volts. 


Boosts  voltage 
and  eliminates  TV 
picture  shrinkage 
during  summer 
brownouts 


PARTS  LIST 


Cl — 40-fiF,  200-volt  electrolytic 

capacitor 

D1 — Silicon  rectifier  ( I N4001  or  similar) 
Ft — 15-ampere  fuse  (3AB,  15 A) 

II,  12 — NE-2H  neon  lamp 
K1 — 117-volt  dc  relay  with  dpdt  contacts 
rated  at  20  amperes  or  more 
RJ — 56,000-ohm,  Vi- watt  resistor 
R2 — 100,000-ohm  trimmer  potentiome¬ 
ter 

R3,  R  4— 100,000-ohm,  Vi -watt  resistor 
SI — Heavy-duty  dpdt  power  switch 
rated  at  25  amperes  or  more 
SCR1 — 200-volt  silicon  controlled  rec¬ 
tifier  (HEP-R121 1  or  similar) 


Since  most  electrical  appliances 
and  electronic  instruments  are  de¬ 
signed  to  operate  properly  on  line  volt¬ 
ages  ranging  from  105  to  125  volts,  no 
change  in  performance  will  be  noted 
until  the  line  drops  below  105  volts. 
Using  this  as  the  trigger  point,  you  can 
add  between  10  and  20  volts  to  the 
potential  available  during  the  brown¬ 
out  to  obtain  normal  service. 

Placing  SI  in  its  off  position  effec¬ 
tively  removes  the  Power  Guard  from 
the  system.  With  SI  set  to  off,  there¬ 
fore,  the  line  voltage  is  coupled  di¬ 
rectly  to  SOI . 

Construction.  The  circuit  of  the 
Power  Guard  is  very  simple.  Hence,  it 
can  easily  and  conveniently  be  as¬ 
sembled  on  a  piece  of  perforated 
epoxy-fiberglass  or  phenolic  board. 
The  transformer  can  then  be  mounted 
on  the  floor  of  a  metal  case  large 
enough  to  accommodate  it  and  the 
board  assembly  without  crowding. 
Don’t  forget  to  leave  room  for  SOI  to 
mount  on  the  front  of  the  case  and  for 
the  line  cord  exit  hole  and  fuse  holder 


SOI — -Three-contact  chassis-mounting 
ac  receptable 

T1 — A utotraqs former  (Allied  Elec¬ 
tronics  Cat,  No.  ?Q5-0144  16-ampere 
or  705-0104  8-ampere  type)  or  high- 
current  filament  transformer  (See  text) 

Misc. — Metal  chassis  box;  heavy-duty 
three-wire  line  cord  with  plug  at¬ 
tached:  fuse  holder  for  FI;  perforated 
board  and  solder  dips;  machine  hard¬ 
ware;  hookup  wire;  solder;  etc. 

Note;  A  power  relay,  15-ampere  (about 
1750-watt)  transformer,  and 
15-ampere  fuse  are  available  from 
Jules  Gilder,  Rd#2,  Box  458,  Mon- 
ticello,  NY  12701,  for  $17  plus  $3 
postage. 


on  the  rear  of  the  case.  If  you  build  a 
15-ampere  Power  Guard,  you  should 
have  no  difficulty  mounting  all  of  its 
components  in  a  standard  (preferably 
steel)  metal  case  measuring  9"  x  7"  x 
6"  (22.9  x  17.8  x.  15.2  cm). 

Since  you  will  be  working  directly 
with  tine  voltages,  it  is  very  important 
that  you  check  all  wiring  carefully  be¬ 
fore  you  apply  power  Make  certain 
you  use  a  three-wire  line  cord  and 
connect  the  neutral  (green)  lead  to 
chassis  ground  via  a  large  solder  lug 
and  to  the  third  contact  on  SOI . 

It  is  best  to  use  an  autotransformer 
for  T1,  However,  if  you  can’t  locate 
one,  you  can  substitute  an  ordinary 
filament  transformer.  If  you  do  use  a 
filament  transformer,  you  must  take 
care  to  assure  that  the  primary  and 
secondary  are  properly  phased  to  pro¬ 
vide  a  boost  in  voltage.  (The 
transformer's  secondary  must  also  be 
rated  at  a  greater  current  than  would 
be  drawn  by  any  load  plugged  into 
SOI.)  To  determine  the  proper  phas¬ 
ing,  wire  the  transformer  as  shown  in 
Fig.  2  and  measure  the  potential  at  the 


“output”  leads.  Transpose  the 
secondary  leads  and  again  measure 
the  output  voltage.  The  connection 
scheme  that  yields  the  higher  voltage 
is  the  proper  phasing  setup. 

Setup  and  Use.  To  use  the  Power 
Guard  properly,  it  is  necessary  to  first 
adjust  R2  so  that  the  system  triggers 
SCR1  at  the  correct  voltage  level.  The 
simplest  way  to  adjust  R2  is  to  plug  the 
Power  Guard  into  a  variable  trans¬ 
former  and  decrease  the  potential  ap¬ 
plied  to  the  system’s  power  plug  to  105 
volts.  If  you  don’t  have  access  to  a 
variable  transformer,  a  filament  trans¬ 
former  connected  as  a  '‘bucking"  in¬ 
stead  of  "boosting"*  autotransformer 
can  be  used. 

When  the  potential  is  105  volts,  ad¬ 
just  R2  so  that  II  just  extinguishes.  At 
this  point,  the  relay  in  the  system 
should  not  be  energized,  and  the 
booster  winding  in  the  Power  Guard 
should  be  in  the  circuit.  If  you  measure 
the  voltage  at  SOI  it  should  be  be¬ 
tween  110  and  120  volts  ac. 

Once  R2  has  been  adjusted  for  the 
proper  triggering  level,  it  need  not  be 
touched  again.  The  Power  Guard  is 
ready  to  use. 

Appliances  can  be  permanently 
plugged  into  SOI  and  the  Power 
Guard’s  switch  set  to  off  when  no 
brownouts  are  expected.  Then,  during 
the  months  when  you  can  expect 
brownouts,  just  flip  the  switch  to  on, 


Fig.  2.  Circuit  to  determine 
proper  t ra a* fanner  pfi using. 

and  the  system  will  automatically  ad¬ 
just  itself  to  the  varying  conditions  as 
they  occur. 

If  a  high-current  transformer  is  used 
for  T1  and  the  contacts  on  K1  can 
handje  the  load,  a  single  Power  Guard 
can  be  used  to  service  several  ap¬ 
pliances  simultaneously.  In  this  case, 
you  can  mount  several  SQ7-type  re¬ 
ceptacles  on  the  front  of  the  Power 
Guard’s  front  panel  and  wire  them  into 
the  system  in  parallel  with  each  other. 
Don't  forget  to  also  replace  fuse  FI 
when  you  go  to  the  higher  power¬ 
handling  capacity  of  the  system.  <§> 
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RADIOTELEPHONE 


FCC  rules  changes,  license  requirements,  and 
equipment  overview. 

BY  LEN  BUCKWALTER 
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PLEASURE-BOAT  owners  are  sail¬ 
ing  through  the  greatest  change- 
over  ever  to  affect  marine  radio.  Since 
1972,  when  the  FCC  ordered  a  five- 
year  exodus  from  the  old  band  on  2-3 
MHzt  more  than  half  of  the  quarter- 
million  radio-equipped  boats  have 
switched  to  the  new  system.  They're 
now  on  vhf  FM,  a  band  that  lies  from 
156  to  162  MHz  and  promises  to  allevi¬ 
ate  the  communications  glut  that 
choked  the  old  channels.  With  the 
final  deadline  less  than  two  years 
away,  vhf  FM  is  having  a  growing  im¬ 
pact  on  every  aspect  of  the  marine 
radiotelephone — from  the  tip  of  the 
antenna  (it's  now  shorter)  to  the 
ground  plate  (it  s  missing).  Anyone 
planning  to  buy  a  boat  or  operate  a 
radio  should  know  something  about 
the  new  band's  benefits — and  limits. 
One  big  boon  is  that  interference  on 
vhf  mostly  disappears.  Because  the  old 
band’s  medium  frequencies  skipped 
through  the  ionosphere,  voices  from 


well  beyond  the  horizon  could  clob¬ 
ber  local  communications,  Even  the 
Coast  Guard  complained  that  a  dis¬ 
tress  call  could  be  tost  in  the  gibberish 
of  voices  on  the  frequency.  Thai  kind 
of  '  QRM  ’  is  just  about  licked  on  vhf 
because  transmission  range  is  barely 
more  than  line-of-sight;  two  stations 
almost  have  to  ’  see"  each  other  to 
exchange  signals.  Another  vhf  advan¬ 
tage  is  less  susceptibility  to  ignition 
interference  from  the  boat  s  own  en¬ 
gine.  It  s  partly  due  to  the  higher  fre¬ 
quency,  where  spark  plug  and  genera¬ 
tor  noises  don’t  have  much  effect.  Al¬ 
so,  the  modulation  mode  in  the  new 
s  e  rvi  ce  is  FM ,  no t  A  M ,  wh  e  re  a  race  i ve  r 
does  abetter  job  of  slicing  away  ampli¬ 
tude-modulated  ignition  noise  (which 
creates  most  of  the  problem).  You 
won't  have  to  labor  through  a  tedious, 
tricky  suppression  procedure  to  quiet 
the  boat's  electrical  system. 

You  won't  have  to  pay  a  hefty  instal¬ 
lation  fee,  either,  because  most  vhf  FM 


modeis  come  in  a  "do-it-yourself" 
package.  On  the  older  band,  a  techni¬ 
cian  with  a  commercial  radiotele¬ 
phone  ticket  had  to  come  aboard,  tune 
the  radio  into  the  antenna  and  log  the 
start-up.  In  many  cases  he’d  also  have 
the  boat  hauled  out  of  the  water  to  be 
fitted  with  a  ground  plate — a  copper 
sheet  fastened  to  the  hull  to  act  as  an 
electrical  counterpoise  for  the  an¬ 
tenna,  That’s  all  done  away  with  In  vhf 
because  the  higher  operating  fre¬ 
quency  allows  self-contained  anten¬ 
nas  that  need  no  external  ground. 
These  factors  enable  the  manufac¬ 
turer  to  pretune  each  set  at  the  factory 
info  a  52-ohm  load,  and  eliminate  a 
second  tune-up  when  the  radio  is  in¬ 
stalled  aboard  ship.  In  a  typical  vhf  FM 
installation,  you  merely  mount  the  an¬ 
tenna  at  the  highest  point,  run  52-ohm 
coaxial  cable  from  set  to  antenna,  and 
hook  a  dc  power  cable  to  the  hot  and 
ground  side  of  the  boat's  12-volt  elec¬ 
trical  system. 

The  current  crop  of  marine  radios 
also  boasts  a  wholesale  change-over 
to  solid-state  circuitry.  Here  the  ad¬ 
vantages  multiply.  Equipment  cab¬ 
inets  are  so  small  and  unitized  they'll 
fit  under  the  dash  of  a  runabout  or 
even  aboard  a  rowboat  if  you  provide 
external  battery  power.  The  minuscule 
current  drain  of  the  receiver  lets  you 
monitor  the  emergency  and  calling 
channel  for  hours  without  running  the 
risk  of  a  dead  boat  battery. 

Disadvantages*  Are  there  any 
disadvantages  to  the  new  breed  of 
marine  radios?  A  lingering  objection 
by  old  timers  has  been  that  no-one 
was  on  the  new  band  to  hear  their 
calls— especially  a  shout  to  the  U  S. 
Coast  Guard  in  time  of  distress.  There 
was  some  merit  to  that  complaint  until 
about  1974,  when  conditions  vastly 
improved.  By  that  time,  the  Coast 
Guard  filled  gaps  in  its  radio  coverage 
of  most  boating  areas  after  erecting 
lofty  new  antennas  atop  buildings, 
towers  and  mountains.  Now,  if  you 
call  for  help  in  some  regions,  you 
might  communicate  through  one  of 
the  Guard’s  skypierctng  towers  up  to 
100  mites  away. 

The  scarcity  of  other  boats  to  talk  to 
has  also  undergone  dramatic  change. 
As  the  deadline  looms  closer,  the 
number  of  boats  getting  on  vhf  FM  is 
growing  in  a  geometric  spiral.  It’s  es¬ 
timated  that  more  than  130,000  of  the 
marine  radio  fleet — more  than  half  the 
total — is  now  licensed  for  the  new 
service.  There'll  be  stubborn  holdouts 


36 


POPULAR  ELECTRONICS 


Raytheon  1205  SSB  transceiver 
is  for  blue-ivater  sailors. 


on  2  MHz  right  up  to  the  deadline  at 
the  end  of  1976;  but,  they’ll  talk  to 
fewer  and  fewer  stations.  After  the 
cut-off  date,  the  old-style  AM  marine 
radio  will  be  worth  no  more  than  bal¬ 
last. 

One  limitation  of  vhf  FM  for  some 
might  be  its  just-to-the-horizon  range. 
Under  normal  conditions  of  antenna 
height,  boat-to-boat  communications 
reach  out  20  or  30  miles,  or  about 
double  that  distance  when  talking  to  a 
shore  station  with  a  high  antenna.  Al¬ 
though  these  moderate  distances 
should  serve  the  needs  of  almost  any 
boat  under  30  feet,  they’re  not  in¬ 
tended  for  the  blue-water  sailor.  When 
cruising  offshore  or  ocean-racing 
beyond  sight  of  land,  the  bigger  boat 
should  be  equipped  with  SSB, 
or  single-sideband,  which  can  span 
hundreds  of  miles  over  water.  Since 
SSB  is  an  electronically  sophisticated 
system,  it  is  more  costly  than  the  cus¬ 
tomary  vhf  FM  transceiver.  For  the 
same  amount  of  transmitter  wattage, 
an  SSB  station  puts  out  a  signal  about 
six  times  more  powerful  and  two  SSB 
stations,  thanks  to  a  reduction  in 
bandwidth,  can  operate  where  one  AM 
station  existed  before.  If  your  brand  of 
long-distance  sailing  demands  SSB, 
the  FCC  insists  that  you  first  install  a 
regular  vhf  FM  set.  With  SSB  gear 
starting  at  about  $700,  the  electronics 
represent  more  than  $1000.00 — a  sig¬ 
nificant  part  of  a  boat’s  total  cost. 

The  price  of  a  typical  vhf  FM  set  is 
more  than  what  the  old  timers  paid  for 
lower-frequency  radios  on  2-3  MHz 
back  at  the  beginning  of  the  decade. 
Inflation  aside,  the  higher  tag  is  due  to 
more  stages  in  both  receiver  and 
transmitter  of  the  vhf  rig.  The  set  also 


has  more  elaborate  filtering  for  good 
selectivity.  A  current  $400  vhf  FM 
transceiver,  though,  is  a  far  cry  from 
the  $1000  versions  introduced  to  the 
market  about  six  years  ago.  Today’s 
prices  are  also  significantly  offset  by 
the  do-it-yourself  nature  of  the  vhf  FM 
installation.  Another  plus:  the  sets  are 
so  compact  and  light,  it’s  practical 
to  pack  them  up  and  return  them 
through  the  mail  for  factory  service  if 
no  local  technician  with  the  required 
FCC  ticket  and  right  facilities  is  avail¬ 
able. 

About  Rules.  No  matter  what  you 
need  in  the  way  of  two-way  radio,  be 
sure  you  know  the  FCC  deadlines  to 
avoid  chucking  good  equipment 
overboard  or  buying  someone’s  white 
elephant.  Here’s  how  the  rule  changes 
might  affect  you: 

1 .  An  oid-type  marine  radio  that  op¬ 
erates  on  2-3  MHz.  If  you  now  own  a 
boat  with  such  a  set  installed,  it’s  legal 
to  use  it  until  the  deadline,  January  1, 
1977.  Although  the  Coast  Guard  will 
monitor  the  distress  frequency  (2182 
kHz)  until  the  bitter  end,  the  radio  then 
becomes  obsolete  and  illegal  to  oper¬ 
ate. 

2.  In  the  market  fora  boat?  Be  wary 
if  the  prospective  boat  already  has  an 
old-type  marine  radio  installed.  If  you 
become  the  new  owner,  and  want  to 
license  the  old  rig,  the  FCC  will  deny 
your  application.  So  don’t  let  an  old 
radio  sweeten  the  seller’s  deal — you 
must  install  vhf  FM  if  you  file  a  license. 
The  same  restriction,  incidentally,  ap¬ 
plies  if  you  buy  a  secondhand  radio. 
You  won’t  be  able  to  license  an  AM 
radio  for  installation  aboard  your  boat. 
Any  new  boat  you  buy  can  take  only 
the  new-type,  or  vhf,  radio. 

3.  You  lost  your  old-type  radio  in  a 
storm.  This  is  a  minor  exception;  you 
can  replace  it  with  an  old-type  radio.  It 
will  probably  have  to  be  a  second-hand 
model,  though,  because  manufac¬ 
turers  long  ago  stopped  making  the 
old-style  AM  sets.  In  any  case,  all  old- 
style  radiotelephones  should  utter  a 
final  gasp  at  the  outset  of  1977,  so 
you'll  be  mighty  lonely  on  the  2-3  MHz 
band. 

Let’s  take  a  closer  look  at  a  typical 
vhf  FM  radio  for  a  small  cabin  cruiser, 
runabout,  or  sailboat.  Its  price  tag 
runs  about  $350-$450  for  a  model  of 
12-channel  capability.  The  set,  how¬ 
ever,  is  factory-fitted  with  crystals  for 
only  three  to  five  channels.  Additional 
channels  can  be  added  at  a  later  time 
or,  in  some  cases,  the  manufacturer 


sells  a  plug-in  channel  module  for 
a  do-it-yourself  frequency  addition. 
Since  the  module  is  sealed  and  pre¬ 
tuned,  no  technician’s  license  is  re¬ 
quired.  When  you  purchase  additional 
crystals  for  a  conventional  set,  a 
licensed  technician  is  required  to 
make  the  tuning  adjustments.  With 
crystals  priced  at  about  $15  per  chan¬ 
nel,  you  can  see  that  the  number  of 
factory-installed  channels  has  a  signif¬ 
icant  impact  on  a  radio’s  price  tag  and 
should  be  considered  when  making 
your  selection. 

How  Many  Channels?  At  least  two 
marine  channels  are  mandatory  for 
every  boat-owner.  One  is  channel  16, 
the  distress,  safety,  and  calling  fre¬ 
quency  monitored  continuously  by 
the  Coast  Guard  and  by  many  other 
boats.  That  channel  is  also  the  “call¬ 
ing”  frequency  to  raise  other  boats. 
Once  communications  are  estab¬ 
lished,  the  stations  must  move  to  an¬ 
other  channel  to  avoid  jamming  chan¬ 
nel  16. 

The  second  mandatory  channel  is  6, 
the  ship-to-ship  safety  channel.  With 
every  craft  fitted  with  this  channel, 
you’re  always  assured  of  communica¬ 
tions  with  someone  within  hailing  dis¬ 
tance.  Two  other  extremely  popular 
channels  are  26  and  28,  both  reserved 
for  the  marine  operator  (or  “Public 
Correspondence”).  By  raising  the 
marine  operator,  you  can  place  a  land¬ 
line  call  to  any  telephone  or  even 
another  boat  hundreds  of  miles 


At  top  is  Realistic's  TRM-12 
12-channel  ng.  Pearce-Simpson 
Catalina ,  above,  has  battenes. 
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beyond  your  communicating  range. 
Once  you  have  safety  and  telephone- 
company  channels,  other  crystals  may 
be  added  to  cover  frequencies  as¬ 
signed  to  local  marinas,  yacht  clubs, 
and  other  local  organizations.  A 
weekend  boatman  should  be  able  to 
satisfy  his  communications  needs 
with  approximately  six  to  nine  chan¬ 
nels.  Only  far-ranging  vessels  require, 
say,  20  channels  (out  of  a  possible  38) 
in  a  set  that  costs  upwards  of  $1000. 

Almost  any  vhf  set  will  have  one 
crystal  in  the  receiver  section  for 
picking  up  continuous  marine  weath¬ 
er  from  a  network  of  National  Weath¬ 
er  Service  stations  strung  along  every 
major  waterway  of  the  U.S.  In 
most  cases,  the  frequency  is  162.55 
MHz,  but  check  your  local  area  for 
possible  exceptions  on  162.40  MHz.  A 
good  source  of  local  frequency  infor¬ 
mation  is  a  nearby  marine  dealer.  If 
you  want  to  follow  the  FCC's  basic 
suggestions  on  channels,  see  the  ac¬ 
companying  table. 

Besides  the  total  number  of  chan¬ 
nels,  transmitter  power  also  influ¬ 
ences  the  price  of  a  marine  radio. 
Many  sets  offer  a  maximum  of  25 
watts,  the  legal  limit,  but  there  are 
lower-cost  units  of  10  watts,  or  even 


less.  Power  won’t  make  much  differ¬ 
ence  in  range  unless  something  is 
operating  at  less  than  highest  effi¬ 
ciency  in  your  transmitting  system,  or 
the  distant  station  has  a  poor  receiver 
of  low  sensitivity.  Any  set  you  buy  has 
a  transmitter  power  switch  with  two 
positions;  the  first  delivers  full  r-f 
power,  while  the  other  position  re¬ 
duces  r-f  output  to  one  watt.  This  min¬ 
imizes  interference  to  other  radios 
while  you’re  talking  to  a  nearby  boat. 

The  range  of  marine  communica¬ 
tions  depends  heavily  on  the  antenna. 
With  vhf’s  straight-line  propagation,  a 
higher  antenna  position  on  the  boat 
improves  the  signal’s  ability  to  look 
farther  over  the  horizon.  Most  popular 
design  is  the  fiberglass  whip  with  its 
excellent  immunity  to  the  weather. 
The  fittings  are  plated  with  chrome  or 
other  stainless  metal.  As  mentioned 
earlier,  these  antennas  need  neither 
tuning  nor  ground  plates.  A  quarter 
wave  on  2.5  MHz,  for  example,  is  al¬ 
most  100  feet  long,  which  means  a 
vertical  whip  on  the  old  band  is  elec¬ 
trically  lengthened  by  tuning  at  the 
transmitter.  At  156  MHz,  on  the  other 
hand,  a  quarter  wavelength  is  only  1.5 
feet  so  antenna  elements  can  be  phys¬ 
ically  resonant  to  the  signal  without 


external  tuning.  In  actual  practice, 
however,  vhf  marine  antennas  are 
somewhat  longer  than  1.5  feet  to  im¬ 
prove  signal  strength  by  compressing 
the  radiation  pattern  to  lower  angles 
(where  the  distant  boats  lie).  Typical 
marine  antennas  run  about  4  to  9  feet 
long  and  come  with  52-ohm  coaxial 
cable  that  can  be  cut  to  any  length.  A 
solderless  connector  is  often  supplied 
so  you  can  route  the  cable  between 
antenna  and  transmitter  and  easily 
trim  it  to  size. 

Licenses.  Licensing  a  marine  radio 
is  easier  than  ever.  No  professional 
help  is  required  to  obtain,  fill  out,  and 
file  the  forms.  You’ll  need  two 
applications — one  for  an  operator’s 
license,  the  other  to  license  the 
station — and  both  are  secured  from 
the  FCC’s  nearest  field  office.  (Look 
under  “U.S.  Government”  in  the 
phone  book  if  you  don’t  know  where  it 
is.)  By  phone  or  mail,  ask  for  FCCform 
502  for  the  station  license  and  FCC 
Form  753-A  for  the  radiotelephone 
operator’s  permit.  These  papers  in¬ 
clude  helpful  instructions,  but  here’s 
what  you  can  generally  expect: 

Restricted  Radiotelephone  Permit . 
This  is  the  operator’s  license,  good  for 
life,  at  a  one-time  fee  of  $8.  There  are 
no  technical  questions  to  answer  and 
the  form  is  mostly  a  declaration  that 
you’re  not  an  alien. 

Station  License.  This  one  is  issued 
for  a  five-year  period  and  costs  $20 
initially,  and  each  time  the  license  is 
renewed.  Since  it  takes  three  to  six 
weeks  to  receive  a  shipboard  license, 
a  local  FCC  office  can  issue  you  an 
interim  6-month  permit  on  the  spot  for 
a  $5  fee.  You  can  get  on  the  air  right 
away  and  you’ll  receive  the  identical 
call  letters  when  the  regular  station 
license  arrives. 

According  to  Lou  Arnone,  an  official 
in  the  marine  division  of  the  FCC’s 
Washington  office,  the  greatest  prob¬ 
lem  with  licensing  today  is  when  the 
radio-owner  fails  to  notify  the  Com¬ 
mission  of  a  change  of  address:  Far 
from  a  minor  matter;  it  ultimately 
causes  FCC  computers  to  do  battle 
with  undelivered  renewal  forms,  send 
registered  letters  and,  finally,  begin  a 
legal  proceeding  that  could  revoke  a 
ship’s  license.  It  costs  nothing,  he 
points  out  with  a  bit  of  irony,  to  have 
the  address  changed.  And  sailing 
without  a  marine  radio  could  prove 
much  more  inconvenient  when  you’re 
slowly  drifting  out  of  gas  toward 
someplace  like  Tahiti.  <§> 
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16 

(Mandatory) 

Distress,  Safety  &  Calling 

(Intership  &  ship-to-shore) 

'(Nu 

c 

1 

mbei 

hann 

1 

of 

els  e 

1 

ecorr 

ach 

1 

imen 

>roup 

1 

ded 

) 

i 

06 

(Mandatory) 

Intership  Safety 

(Intership) 

1 

1 

1 

1 

1 

1 

65,  66,  12,  73,  14, 

74,  20 

Port  Operations 

(Intership  &  ship-to-shore) 

1 

1 

2 

3 

7 

13 

Navigational 

(Intership  &  ship  to-shore) 

1 

1 

1 

15  &  162.550  MHz 

Environmental 
(Ship  receive  only) 

1 

1 

2 

2 

17 

State  Control 

(Ship-to-shore) 

1 

1 

1 

07,  09,  10,  11,  18, 

19,  79,  80 

Commercial 

(Intership  &  ship-to-shore) 

67,77,88,  08 

Commercial 

(Intership) 

68 

Non-Commercial 

(Intership  &  ship-to-shore) 

1 

1 

1 

1 

1 

1 

09,  69,  71,  78 

Non-Commercial 

(Ship-to-shore) 

1 

.. 

1 

1 

1 

3 

70,  72 

Non-Commercial 

(Intership) 

1 

2 

2 

24,  25,  84,  85,  26, 
27,86,  87,28 

Public  Correspondence 

(Ship-to-shore) 

1 

1 

2 

2 

3 

5 
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BUILD  A 


State-of-the  art  communicator 


SEMICONDUCTOR 
WISER 
COMMUNICATIONS 
SYSTEM 


uses  pulse  modulation  to  achieve  a 


possible  range  greater  than  3000  feet. 


BY  FORREST  M.  MfMS 


Communicating  on  a  light  beam 

is  fairly  common  with  light- 
emitting  diodes  (  'Experimenting  With 
Light-Beam  Communications,"  Pop¬ 
ular  Electronics.  April  1975,  p,  40), 
but  for  longer  distances  and  great¬ 
er  efficiency,  a  laser  light  source  is 
recommended.  With  the  system  de¬ 
scribed  here,  it  is  possible  to  get  a 
range  of  more  than  one  kilometer 
(3300  ft).  Since  it  uses  a  PIN  photo¬ 
diode  in  the  receiver,  the  system  can 
be  operated  in  daylight  or  darkness 
without  an  expensive  infrared  filter. 


Though  most  light-beam  com¬ 
municators  use  amplitude  or  intensity 
modulation,  this  system  employs 
pulse-frequency  or  pulse-rate  mod¬ 
ulation  (PFM  or  PRM).  This  type  of 
modulation  is  almost  immune  to  tran¬ 
sient  atmospheric  effects  and  noise 
from  interfering  light  sources.  Also, 
the  output  signal  from  the  PFM  re¬ 
ceiver  is  constant  in  amplitude  over 
the  entire  communicating  range, 
while  that  from  an  AM  system  be¬ 
comes  progressively  weaker  as  range 
is  increased. 


Transmitter.  As  shown  in  Fig.  1.  a 
modular  amplifier  ( AMP1 )  boosts  the 
voice  signals  from  a  dynamic  mi¬ 
crophone.  In  a  pulse-frequency  mod¬ 
ulator  (Q7  and  02),  02  is  a  UJT  con¬ 
nected  in  a  relaxation-oscillator 
mode.  With  no  input  from  AMP1r  Q1  is 
saturated  (with  very  low  emitter-to- 
collector  resistance)  and  02  oscillates 
at  a  frequency  determined  by  the  time 
constant  of  C2  and  R6.  When  an  input 
is  present  on  the  base  of  Oh  the  fre¬ 
quency  of  Q2  is  varied  in  direct  pro¬ 
portion  to  the  amplitude  of  the  modula- 
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* REMOVE  WHITE  OUTPUT  LEAd  AN! 
SOLDER  IT  TO  EMITTER  SiOE  OF 
OUTPUT  TRANSFORMER  PRIMARY. 
(SEE  CIRCUIT  DIAGRAM  SURPUED 
WITH  AMP) 


output  (W)*  1  2 


R2 — 5000-ohm  potentiometer 
R3t-4700-ohm»  ttsistpr 
resistoi* 

R5-+45, 000-ohm,  I4*W  resistor 
R6— 390-ohm,  14 -W  resistor 
R7-T+i2OO^0hfti,  14-W  resistor 
R8—  rO&ohmy  l4-W  resistor 
R9—  1000-ohm*  !4-W  resistor 
R|(^ 

SL—Dpdt  toggle  switch, 

S2— Spdt  toggle  switch 
Misc.— LMB  B-H  643  eoctosure,  lens, 
battery  retainers  and  clips,  brass  tub* 
ing,  telescope,  mounting  hardware. 
200-ohm  dynamic  microphone, 
epoxy,  pc  board,  solder,  etc. 


Threshold 
current  (A)  4 


Peak 

current  (A)  10 


with  ell  three  of  the  lasers  listed  above. 

Addresses:  The  manufacturers  will  provide  current 
prices  and  specifications  upon  request.  Write  to:  RCA. 
Electronic  Components,  Bex  1140,  New  Holland  Pike, 
Lancaster,  PA  17604;  Laser  Diode  Laboratories  (LPL),  205 
Forrest  St.,  Metuchen,  NJ  08840.  gg|||||  j|§  , 


Fig.  1.  A  comviercial  modular  audio 
modulates  a  UJT  oscillator  to  dHtie  t . . 

;  ' :  ^  4 '  r  ■  I  ' 

PARTS  LIST  (TRANSMITTER) 


AMP  1— Modular  audio  amplifier  (Radio 
Shack  277-1240  or  similar) 

B1,B2 — 9-V  transistor  radio  battery 
B3— 67V5-V  battery  (Everready  457  or 
similar) 

C1,C2 — 0.01-^tF  capacitor 
C3 — 0.005-^tF  capacitor 
C4 — 0.0l-/*F,  100-V  capacitor  (disc  or 
paper  only) 

D 1 — Laser  diode  (see  table  at  right) 

J 1— Microphone  jack 
Q1 — 2N2907  transistor 
Q2 — 2N2647  UJT 

Q3— Selected  npn  switching  transistor 


R1 — 10, 000-ohm  potentiometer 


tion  frequency.  The  center  frequency 
is  determined  by  the  setting  of  R2. 

The  resulting  PFM  signal  across  R8 
triggers  a  laser  drive  ci  rcuit  comprised 
of  relaxation  oscillator  C4,  Q3,  RIO , 
and  D1.  Transistor  Q3  is  an  npn 
switching  transistor  operated  in  a 
nonconventional  avalanche  mode.  A 
charge  is  placed  on  C4  through  RIO 
until  the  breakdown  voltage  of  03  is 
reached.  The  capacitor  then  dis¬ 
charges  through  03  and  the  laser.  The 
pulse  is  very  fast  (50  ns)  and  high  in 
current  (5  to  1 0  A)  to  fire  the  laser.  The 
cycle  then  repeats.  The  large  current 
surge  does  not  mean  that  the  battery 
has  to  supply  5  or  10  amperes.  The 
surge  comes  from  the  charge  stored 
on  the  capacitor. 

Transistor  03  oscillates  indepen¬ 
dently  of  the  modulator  even  when 

40 


Photo  shouts  layout  of  prototype  transmitter. 
Mounting  for  boresighting  telescope  is  at  top. 
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Fig.  2.  Actual-size  etching  and 
d  rill  it  tg  gu  i  de  for  transmitter  is 
above .  component  logout  at  left. 


the  latter  is  in  the  relaxation  mode. 
However,  with  an  input,  the  oscillation 
varies  with  the  signal.  Potentiometer 
R2  adjusts  the  carrier  frequency  to 
achieve  the  best  modulation.  A  carrier 
of  about  20  kHz  gives  the  best  results 
for  the  circuit  used  here.  This  is  much 
higher  than  the  6  or  8  kHz  required  for 
acceptable  voice  transmission  and  in¬ 
sures  good  quality  for  both  voice  and 
music. 

The  transmitter  is  assembled  on  a 
printed  circuit  board  as  shown  in  Fig. 
2.  All  components  can  be  installed 
after  the  board  is  prepared,  with  the 
exception  of  03  and  the  laser  diode. 
Transistor  Q3  must  be  selected  by 
using  a  test  jig  such  as  that  shown  in 
Fig.  3,  which  measures  breakdown 
voltage.  Ideally,  a  15-MHz  oscillo¬ 
scope  should  be  used  to  measure 
the  current  delivered  by  the  transis¬ 
tor  under  test.  This  is  done  by  measur¬ 
ing  the  pulse  voltage  across  R3  in  the 
test  circuit.  Since  this  is  a  1-ohm  resis¬ 
tor,  the  voltage  measured  is  equal  to 
the  current. 

If  a  15-MHz  scope  is  not  available,  a 
lower-bandwidth  scope,  connected 
across  Cl ,  can  be  used  to  measure  the 
transistor’s  breakdown  voltage.  The 
graph  in  Fig.  4  can  be  used  to  deter¬ 


mine  the  peak  current  delivered  by  the 
transistor. 

Not  all  transistors  will  oscillate  in 
the  test  circuit.  For  best  results,  try 
common  npn  switching  transistors 
such  as  2N914,  2N2222,  2N3643, 
2N4400,  2N5188,  HEP50,  etc.  Select  a 
transistor  that  gives  a  peak  current  be¬ 
tween  the  laser’s  threshold  and  peak- 
allowable  currents  (as  specified  by  the 
manufacturer).  High  currents  give 
high  output  power.  Install  the  transis¬ 
tor  on  the  pc  board  and  note  its  cur¬ 
rent  for  future  reference. 

Several  lasers  can  be  used,  as  listed 
in  the  table.  Do  not  install  the  laser  yet. 
Instead,  connect  an  infrared  LED 
(SSL-55C,  TIL31,  TIL27,  etc.)  in  the 
circuit  for  preliminary  testing.  This 
permits  you  to  get  the  circuit  operat¬ 
ing  properly  without  the  possibility  of 
damaging  the  laser  diode. 

Receiver.  In  the  receiver  (Fig.  5),  in¬ 
frared  radiation  from  the  laser  strikes 
PIN  photodiode  D1  and  generates  a 
current  which  is  amplified  by  IC1 . 
Capacitive  coupling  between  ampli¬ 
fier  stages  blocks  dc  signals  from  am¬ 
bient  sunlight  and  other  light  sources. 

The  output  of  IC1  can  be  fed  directly 
to  an  earphone  for  AM  operation.  For 


PFM,  however,  a  threshold  dis¬ 
criminator  is  necessary.  The  mono¬ 
stable  multivibrator  composed  of  01 
and  02  forms  the  threshold  circuit. 
When  an  amplified  pulse  from  IC1  ex¬ 
ceeds  the  trigger  threshold  of  the  mul¬ 
tivibrator  (a  few  tenths  of  a  volt),  Q2 
delivers  a  pulse  of  constant  width  and 
amplitude.  This  can  be  picked  up  at 
the  collector  of  02,  but  best  results  are 
obtained  by  adding  an  amplifier 
{AMP1)  for  loudspeaker  operation. 

The  pc  board  for  the  receiver  is 
shown  in  Fig.  6.  Use  care  when  install¬ 
ing  the  1C  to  avoid  bridging  the  copper 
portions. 

Receiver  sensitivity  can  be  im¬ 
proved  somewhat  by  the  addition  of 
potentiometer  R7,  which  can  be  ad¬ 
justed  to  reduce  the  threshold  of  the 
multivibrator  and  permit  detection  of 
weak  signals.  (There  is  no  provision 
for  R7  on  the  pc  board.  It  can  be  added 
by  removing  a  short  section  of  foil 
from  the  negative  line  to  Q1  and  Q2 
and  soldering  the  potentiometer's 
leads  across  the  gap.) 

The  photodiode  used  in  the  pro¬ 
totype  was  a  high-quality  EG  &  G  de¬ 
vice  costing  about  $1 5.  This  diode  has 
a  highly  linear  response  and  can  be 
operated  in  broad  daylight.  Less  ex¬ 
pensive  detectors  (even  ordinary  sili¬ 
con  solar  ceils)  can  also  be  used;  but 
light  baffles,  shields,  or  an  infrared  fil¬ 
ter  will  be  necessary  for  daylight  oper¬ 
ation. 

Assembly.  Check  the  pc  boards  for 
errors  and  then  mount  them  in  suit¬ 
able  enclosures.  The  enclosures  noted 
in  the  parts  lists  were  used  in  the  pro¬ 
totype  because  the  hinged  lids  permit 
rapid  access  to  the  batteries  and  pc 
boards. 

Assemble  the  receiver  first.  Use  a 
chassis  punch  or  nibbling  tool  to  cut  a 
hole  in  one  end  of  the  cabinet  for  the 
lens.  A  2"  plastic  lens  was  used  in  the 
prototype,  but  most  any  simple  lens 
can  be  used  as  long  as  its  focal  length 
is  4V4"  or  less.  The  larger  the  lens,  the 
better  its  light  gathering  power. 

Use  L  brackets  to  mount  the  pc 
board  in  the  enclosure  with  the 
photodiode  at  the  exact  center  of  the 
lens  opening.  For  the  lens  given  in  the 
parts  list,  the  diode  should  be  exactly 
4V4"  from  the  inside  cabinet  wall  in 
which  the  lens  hole  is  cut. 

Mount  the  threshold  adjust  pot  {R7, 
if  used),  gain  control  (R75),  and  power 
switch  {SI)  on  the  end  of  the  case  op¬ 
posite  the  lens  opening.  Use  appro¬ 
priate  mounting  hardware  for  the 
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speaker,  AMP1 ,  and  the  two  9-volt  bat¬ 
teries.  Scraps  of  pc  board  1 "  x  3"  make 
good  battery  retainers.  Use  rubber 
grommets  as  standoffs  for  AMP1 . 
Complete  receiver  assembly  by  wiring 


the  various  components  to  one 
another.  Then  mount  the  lens  using  a 
flexible  adhesive  such  as  Dow  Corn¬ 
ing  Silastic'r.  The  plastic  lens  men¬ 
tioned  in  the  parts  list  can  be  mounted 


by  bending  its  shoulders  with  a  hot 
soldering  iron. 

There  are  two  steps  to  the  transmit¬ 
ter  assembly.  First,  prepare  appro¬ 
priate  mounting  holes  for  the  controls, 
hardware,  and  lens  tube  assembly.  A 
9/16"  hole  should  be  adequate  for  the 
lens  tube.  Then  install  all  components 
and  batteries  except  the  laser  pc 
board.  Make  the  necessary  connec¬ 
tions  to  the  board  but  don’t  mount  it. 

Install  an  infrared  LED  (note  proper 
polarity)  instead  of  the  laser.  Test  the 
receiver  by  pointing  it  toward  a  line- 
powered  incandescent  lamp.  If  the  re¬ 
ceiver  is  properly  aligned  with  respect 
to  the  lamp,  a  120-Hz  buzz  should  be 
heard  from  the  speaker. 

Now  point  the  transmitter  LED  to¬ 
ward  the  receiver  lens  and  turn  on  the 
power.  Talk  into  the  microphone  or 
place  it  near  a  radio  while  adjusting 
R2.  It  should  be  possible  to  get  good- 
quality  audio  from  the  receiver.  If  not, 
make  sure  the  transmitter  LED  is 
properly  aligned  with  respect  to  the 
receiver.  Then  try  adjusting  R7  in  the 
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A M PI— Modular  audio  amplifier  ( Radio 
Shack  277-1240  or  similar) 

Bl,B2 — 9-V  transistor  radio  battery 
Cl  to  CA — 0.01-/xF  capacitor 
C5 — 500-pF  capacitor 
C6 — 0.002-fxF  capacitor 
Cl — 0.1 -^F  capacitor 
D 1 — SG  D-040B  PIN  photodiode 
(EG&G;  available  from  Cramer  Elec¬ 
tronics,  85  Wells  Ave.,  Newton,  MA 


02159.  for  $15  plus  postage;  see  text) 
ICI — CA3035  amplifier  array  (RCA) 
QLQ2 — 2N718  npn  switching  transistor 
(or  equivalent) 

R I  ,R10,R  12—10,000-ohm,  !4-W  resistor 
R2 ,  R8 — 200.000-ohm ,  >4- W  resistor 
R5— 1000-ohm,  Va- W  resistor 
R3.R6 — 5000-ohm,  Va- W  resistor 
R A — 500-ohm,  Va- W  resistor 
R7 — 5000-ohm  potentiometer  (optional, 
see  text) 


R9,R13 — 100,000-ohm,  '4-W  resistor 
R1 1-150,000-ohm.  *4- W  resistor 
R 14 — 15,000-ohm,  !4-W  resistor 
R15 — 10,000-ohm  potentiometer 
SI — Dpst  toggle  switch 
Spkr — £-ohm  miniature  speaker 
Misc. — LMB  B-H  643  enclosure,  lens, 
battery  retainers  and  clips,  mounting 
hardware,  cement,  solder,  pc  board, 
etc. 
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receiver.  If  no  signal  is  heard,  check 
the  transmitter  wiring,  Also,  the  LED 
may  be  bad,  Q3  may  not  be  oscillating, 
or  one  or  more  of  the  batteries  may  be 
weak. 

Proper  operation  of  the  system  is 
obvious  since  a  slight  misalignment  of 
the  transmitter  with  respect  to  the  re¬ 
ceiver  will  cause  loud  noise  and  oscil¬ 
lation  from  the  receiver  and  then  si¬ 
lence.  This  illustrates  the  PFM  mode 
of  operation.  Unlike  simple  AM  sys¬ 
tems,  a  PFM  light-beam  com¬ 
municator  gives  constant  receiver 
amplitude  at  all  ranges  out  to  the 
threshold  cut-off  point. 


Final  Transmitter  Assembly. 

When  the  system  is  operating  prop¬ 
erly,  remove  the  LED  from  the  trans¬ 
mitter  and  install  the  laser.  Mount  the 
laser  with  itsglass  window  on  the  back 
side  of  the  pc  board  and  secure  it  in 
place  with  a  #8-32  nut.  The  plane  of 
the  laser  junction  should  be  parallel 
with  the  narrow  side  of  the  pc  board. 
(See  Fig,  7,)  Next,  carefully  bend  the 
laser's  flying  lead  so  that  it  goes  into 
its  mounting  hole.  Make  sure  the  lead 
doesn't  short  against  the  laser  mount¬ 
ing  stud. 

CAUTION:  Do  not  connect  a  VOM  to 
the  laser  diode.  The  small  amount  of 


mount  the  laser  pc  board  in  the 
cabinet.  A  telescoping  lens  tube  made 
as  shown  in  Fig.  7  is  inserted  in  the 
tube  receptacle.  Use  a  simple  lens 
with  a  diameter  of  12  to  15  mm  and  a 
similar  focal  length  Use  epoxy  to  se¬ 
cure  the  lens  in  place. 

Optical  Alignment.  Both  transmit¬ 
ter  and  receiver  must  be  aligned  with 
infrared  light  for  best  results.  This  is 
no  problem  with  the  receiver  if  the  lens 
called  for  in  the  parts  list  is  used  since 
its  infrared  focal  length  is  AW.  For 
other  lenses,  add  perhaps  a  quarter  of 
an  inch  to  the  visible  focal  length. 

Alignment  of  the  transmitter  is  more 
difficult  due  to  the  small  size  of  the 


laser  source.  An  approximate  align¬ 
ment  can  be  made  by  placing  the  lens 
a  millimeter  or  so  farther  from  the 
laser  chip  than  the  visible  focal  length 


Fig.  6.  Actual-size 
etching  and  drilling 
guide  for  receiver 
at  right.  Component 
layout  is  at  left, 


SAFETY  CONSIDERATIONS 

The  GaAs  laser  used  in  this  system 
has  a  peak  optical  power  output  of  a 
few  watts  if  operated  at  maximum  cur¬ 
rent.  That  is  a  lot  of  light  compared  to 
the  output  of  low-power  helium-neon 
lasers;  but  the  optical  pulses  are  brief 
so  that  the  average  power  is  far  less 
than  that  of  most  helium-neon  devices. 

According  to  the  U.S,  Air  Force 
School  of  Aerospace  Medicine,  GaAs 
lasers  emitting  10  watts  per  pulse  are 
not  capable  of  producing  detectable 
eye  damage.  Three  principal  factors 
contribute  to  this  safety  margin:  the 
absorption  of  the  infrared  in  the  eye's 
vitreous  humor,  imperfect  focusing  of 
the  infrared,  and  the  laser’s  low  aver¬ 
age  power. 

Nevertheless,  a  few  basic  precau¬ 
tions  must  be  followed  to  insure  ut¬ 
most  safety: 

1*  As  with  any  source  of  bright  light, 
do  not  look  directly  into  the  laser  beam. 

2.  Avoid  pointing  the  laser  at  shiny 
surfaces  (mirrors,  unpainted  metal, 
etc.)  because  reflected  light  can  be  as 
potentially  dangerous  as  direct  light. 

3.  Do  not  point  the  laser  in  a  direc¬ 
tion  in  which  bystanders  might  look 
into  the  beam. 

4.  Turn  off  the  laser  transmitter 
when  it  is  not  in  use,  to  preserve  its  life 
and  that  of  the  battery. 


current  delivered  by  the  meter  will  de¬ 
stroy  the  laser  chip, 

With  the  laser  in  place,  test  the  sys¬ 
tem  again.  If  it  works  properly,  a  Vfe" 
length  of  brass  tubing  (available  from 
hobby  shops)  is  carefully  soldered  to 
the  back  of  the  pc  board  with  the  laser 
chip  at  the  exact  center.  Cut  a  slot 
from  the  tube  as  shown  in  Fig,  7  to 
prevent  possible  shorts.  If  the  tube  is 
not  soldered  properly  the  first  time,  try 
again  until  itis  centered  and  level.  This 
tube  becomes  the  laser  lens  recep¬ 
tacle. 

Next  use  two  7/16"  standoffs  to 


of  the  lens.  An  approximate  alignment 
will  give  a  broad  beam  suitable  for 
communications  up  to  about  1000 
feet.  For  long  ranges,  the  beam  must 
be  made  nearly  parallel  by  adjusting 
the  lens  for  as  small  a  beam  spread  as 
possible.  This  is  easily  done  if  an  in¬ 
frared  image  converter  is  available. 

Surplus  sniperscopes  are  ideal  for 
this  purpose,  but  they  are  expensive. 
Kodak  makes  infrared-sensitive  phos¬ 
phor  screens  which  glow  orange 
when  struck  by  a  beam  from  an  1R 
laser  or  LED.  These  screens  cost 
about  $25  (a  lot  less  than  electronic 
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Fig.  7.  Mo  lulling  details 
for  laser  and  lens  tube . 


image  systems).  Write  Special  Prod¬ 
uct  Sales,  Kodak  Apparatus  Div., 
Eastman  Kodak  Co.,  Rochester,  NY 
14650  for  details  and  prices. 

Align  the  laser  lens  by  pointing  the 
beam  at  a  white  card  (or  the  phosphor 
screen)  at  least  3  feet  away  and  focus 
the  lens  for  the  smallest  spot  size.  Use 
the  infrared  viewer  to  see  the  spot  if 
the  white  card  is  used. 

When  the  optimum  focus  point  for 
the  lens  is  found,  use  white  glue  to 
secure  the  lens  in  place  and  prevent 
need  for  realignment. 

Telescope  Alignment.  Range  tests 
of  a  few  hundred  feet  are  relatively 
straightforward,  but  long-range  oper¬ 
ation  requires  the  addition  of  an 
alignment  telescope  for  the  transmit¬ 
ter.  You  can  use  any  spotting  or  rifle 
telescope  of  3X  to  1 0X  as  long  as  it  has 
a  cross  hair.  For  the  sake  of  economy, 
in  the  prototype,  an  inexpensive  10X 
pocket  telescope  was  obtained  from 


Radio  Shack  for  about  $3  (Cat.  No. 
63-844).  (Also  available  from  other 
electronics  outlets.)  A  cross  hair  was 
added  by  cementing  two  human  hairs 
to  a  W  washer  which  was  then 
cemented  to  a  shoulder  inside  the 
telescope  eyepiece  section. 

The  telescope  must  be  boresighted 
with  the  laser.  Make  an  adjustable 
mount similartotheoneshown  in  Fig. 
8.  Use  two  sections  of  pc  board  for  the 
mounting  platform.  Solder  three  nuts 
to  the  back  of  one  board  and  use 
springs  to  permit  adjustment. 

Aligning  the  telescope  is  fairly  easy 
if  a  phosphor  screen  or  infrared  viewer 
is  available.  The  transmitter  is 
mounted  on  a  tripod  with  an  appro¬ 
priate  nut  and  the  laser  is  caused  to 
illuminate  a  fixed  spot  at  least  50  feet 
away.  The  telescope  is  then  aligned 
until  the  crosshair  falls  on  the  target. 
Recheck  the  laser  to  make  sure  it  still 
illuminates  the  target  and  alignment  is 
complete.  Perform  the  alignment  at 
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Fig.  H.  Details  for  mounting  the  telescope 
which  is  used  to  ha  resight  the  transmitter. 
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night  for  fast  results  and  use  a  flash¬ 
light  to  illuminate  the  target  when  the 
telescope  is  being  used. 

Range  Testing.  When  the  telescope 
is  boresighted  with  the  laser,  the  sys¬ 
tem  is  ready  for  long-range  testing. 
Begin  by  mounting  the  laser  on  a 
tripod  and  pointing  the  telescope  at  a 
fence  post,  car,  or  other  object  at  least 
1 000  feet  away.  Place  the  microphone 
near  a  radio  to  get  a  continuous  audio 
signal.  Proceed  to  the  target  site,  and 
point  the  receiver  toward  the  transmit¬ 
ter.  It  will  be  necessary  to  move  the 
receiver  about  until  the  optimum  de¬ 
tection  angle  and  pointare found.  If  no 
signal  is  received,  the  laser  beam  has 
probably  crossed  the  telescope  field 
of  view  at  a  point  beyond  the  range  of 
the  initial  alignment  target.  Therefore, 
proceed  a  few  feet  toward  the  tele¬ 
scope  side  of  the  laser  until  the  signal 
is  received.  An  infrared  viewer  is  help¬ 
ful  in  finding  the  brightest  spot  in  the 
projected  beam  (which  is  only  a  few 
feet  across  at  Vz  mile). 

Once  test  techniques  for  a  1000' 
range  have  been  perfected,  longer 
ranges  can  be  tried.  These  tests  will  be 
simplified  by  compensating  for  the 
laser-beam  crossover  problem  by 
appropriately  adjusting  the  horizon¬ 
tal  telescope  adjustment. 

The  prototype  communicator  has 
been  used  to  achieve  a  range  of  3380' 
(1.03  km).  This  could  be  increased  to 
well  over  a  mile  by  increasing  the  laser 
current,  reducing  the  transmitter 
beam  width,  or  increasing  the  receiver 
lens  size.  For  example,  the  prototype 
uses  a  laser  with  a  threshold  current  of 
4.1  amperes.  While  the  laser  can  be 
operated  at  a  top  peak  of  1 0  A,  transis¬ 
tor  03  delivers  only  about  5  A.  There¬ 
fore,  the  laser  output  is  only  a  few 
hundred  milliwatts,  while  more  than  a 
watt  would  be  available  at  10  A.  With 
the  full  10-A  current,  the  optical- 
communication  range  equation 
shows  that  range  would  be  slightly 
more  than  doubled. 

Similarly,  a  diverging  beam  of  light 
follows  the  inverse  square  law,  so 
doubling  the  diameter  of  the  receiver 
lens  from  2  to  4  inches  will  double  the 
range. 

More  Information.  For  further  read¬ 
ing  on  laser  communications,  see: 
Semiconductor  Diode  Lasers ,  R.W. 
Campbell  and  F.M.  Mims,  Howard  W. 
Sams  &  Co.,  1972;  and  Light  Beam 
Communications ,  F.M.  Mims,  Howard 
W.  Sams  &  Co.,  1975.  <$> 

POPULAR  ELECTRONICS 


FOR  experimenters  who  do  a  lot 
of  work  in  the  audio-frequen¬ 
cy  range,  but  can’t  afford  a  modern 
frequency  meter,  here's  an  easy-to- 
build,  low-cost  unit  that  may  just  fill 
the  bill.  The  meter  measures  fre¬ 
quency  (sine  or  square  waves)  from 
5  Hz  to  50  kHz  in  four  switch- 
selectable  ranges.  Sensitivity  is  0,2 
volt  rms  over  most  of  the  range. 

Circuit  Operation*  As  shown  in  Fig. 
1,  the  input  signal  at  J1  is  amplified  by 
Q1 ,  a  high -input- impedance  FET.  In 
id,  a  differential  dc  amplifier  ar¬ 
ranged  in  a  Schmitt  trigger  configura¬ 
tion,  the  waveform  is  squared  off.  It  is 
further  amplified  by  Q2t  another  FET. 
Zener  d  iode  D1  limits  the  output  swing 
to  9.1  volts. 

The  waveform  then  passes  to  diode 
array  IC2 ,  whose  circuit  includes 
switch-selected  capacitors  (via  S2A) 
and  resistors  (via  S2B)  which  differen¬ 
tiate  the  square  wave  into  a  series  of 
sharp  fixed-amplitude  pulses.  The  rec¬ 
tified  dc  from  the  diode  array  drives 
the  meter,  Ml.  The  average  indication 
on  Ml  is  proportional  to  the  number  of 
pulses  per  second  from  the  differen¬ 


tiator,  the  number  of  pulses  being  de¬ 
termined  by  the  frequency  of  the 
input 

Construction.  Since  only  low  fre¬ 
quencies  are  involved,  neither  the  lay¬ 
out  nor  wiring  of  the  meter  is  critical. 
In  the  prototype,  adhesive-backed 
copper  strips  and  pads  were  used 
(Circuit-Stik,  Quick-Circuits,  Circuit- 
Zaps,  etc  )  These  are  available 
through  many  mail-order  houses.  A 
simpler  way  might  be  to  use  perfo¬ 
rated  board,  with  clips  and  sockets  to 
mount  the  components. 

The  enclosure  should  be  just  large 
enough  to  mount  the  switches,  meter, 
and  input  jacks  on  the  front.  Mountthe 
circuit  board  on  spacers  on  the  bot¬ 
tom  of  the  enclosure  and  the  battery 
assembly  of  two  sets  of  four  AA  cells  in 
holders  on  the  rear  wall.  Use  press-on 
type  to  identify  the  components  on  the 
front  panel.  Carefully  remove  the  front 
cover  of  the  meter  and,  using  a  small 
piece  of  whitepaper  with  the  letters  Hz 
on  it,  cover  the  pA  marking  on  the 
meter  scafe. 

Calibration.  To  calibrate  the  meter, 


you  will  need  an  audio-frequency 
generator  (or  other  known  frequency 
source)  covering  the  range  from  50  Hz 
to  50  kHz. 

Before  turning  on  the  power  to  the 
meter,  make  sure  that  the  needle  indi¬ 
cates  zero.  If  necessary,  use  the  zero- 
adjust  screw  to  set  the  needle  on  zero. 

Set  range  switch  S2  to  XI 000  and 
turn  on  the  power.  Connect  the  high 
output  of  the  signal  generator  to  J7 
and  the  ground  to  J2.  Adjust  the  audio 
g  en  era  tor  for  an  ou  tp  ut  of  20,000  Hz  at 
0.2  volt  rms.  You  may  have  to  adjust 
potentiometer  R14  to  keep  the  meter 
from  going  off  scale. 

Adjust  R7  (in  the  IC1  circuit)  for 
maximum  meter  indication.  Slightly 
reduce  the  audio  generator  output 
and  readjust  R7  for  maximum  meter 
indication.  Repeat  the  process  until 
the  best  sensitivity  has  been  attained 
(the  lowest  generator  output  voltage 
that  will  cause  Ml  to  indicate). 

Set  the  audio  generator  to  50  Hz  at 
about  1  volt  rms  and  set  the  range 
switch  on  XI.  Adjust  potentiometer 
R11  to  get  a  reading  of  50  (full  scale) 
on  the  meter. 

Set  the  audio  generator  to  500  Hz 

45 


JULY  1975 


PARTS  LIST 


Bl,  B2 — 6- volt  battery  (4  A  A  cells  in 
series) 

Cl — 0,25-^F,  100-V  ceramic  or  paper 
capacitor 

C2  to  C5.  Cl — 10-JiF.  6-V  electrolytic 
capacitor 

C6 — 0.22-jiF,  12-V  ceramic  or  paper 
capacitor 

C8 — -0,2-pF,  10%,  12-V  ceramic  or 
paper  capacitor 

C9— 0.02-JiF,  10%,  12-V  ceramic  or 
paper  capacitor 


CIO — 0.002-fiF,  10%,  12-V  ceramic  or 
paper  capacitor 

Cl  I — 200-pF,  10%,  12-V  ceramic  or 
paper  capacitor 

D1 — 9. 1-V,  1-W  zener  diode  (HEP104 
or  similar) 

1C  I — C A 3000  dc  amplifier  (RCA) 

IC2 — CA3019  diode  array  (R'CA) 

J I ,  J  2 — Banana  jack  (one  red ,  one  black) 
M 1 — 50-|iA  meter  (Midland  23-200  or 
similar) 

Q 1—40673  dual-gate  FET  (RCA) 

Q2 — HEP802  FET 

RI,  R8 — l-megohm,  Vz- W,  10%  resistor 
R2.  R9 — 1000-ohm,  Vi-W,  10%  resistor 
R3,  R10— 4700-ohm,  Vi- W,  10%  resistor 


R4.  R 6— -100,000-ohm,  fc-W,  10%  resis¬ 
tor 

R5 — 27,000-ohm,  fc-W,  10%  resistor 

R7.  R11 — 50,000-ohm  pc  potentiometer 
(Radio  Shack  271-219  or  similar) 

R12  to  R14 — 10,000-ohm  pc  potentiome¬ 
ter  (Radio  Shack  271-218  or  similar) 

51 —  Dpdt  switch  (Calectro  E2-105  or 
similar) 

52 —  2-pole,  5-position  nonshorting  ro¬ 
tary  switch  (one  position  not  used) 
(Calectro  E2-163  or  similar) 

Misc. — Aluminum  cabinet  (LMB  442  or 
similar),  battery  holders,  mounting 
hardware,  wire,  solder,  etc. 


Fig.  1.  High  input  impedance  is  provided  bg  FET  Ql.  ICl  is  Schmitt  trigger  and  IC‘2  is  a  diode  array. 


and  the  range  switch  to  XI 0.  Adjust 
R12  to  get  full  scale  reading  of  500  on 
the  meter. 

Repeat  these  steps  for  the  XI 00  and 
X1000  ranges,  using  5000  and  50,000 
Hz  inputs  and  adjusting  R13  and  R14 
respectively. 


Disconnect  the  audio  generator  and 
install  the  metal  cover  on  the  fre¬ 
quency  meter. 

Operation.  The  one-megohm  input 
resistance  (and  the  high  impedance  of 
Ql)  places  minimum  loading  on  any 


Photo  ah  oirs 
the  arrangement 
of  the  authors 
prototype. 


circuit  being  tested.  The  basic  sen¬ 
sitivity  of  0.2  volt  rms  is  good  from 
about  30  Hz  to  40,000  Hz,  but  the  ac¬ 
tual  sensitivitydependson  theparticu- 
lar  FET  used  for  Ql .  From  5  Hz  to 
about  30  Hz  the  sensitivity  is  approxi¬ 
mately  0.4  volt  rms.  The  maximum 
input  voltage  is  determined  primarily 
by  the  voltage  rating  of  Ql  (which  has 
no  internal  diode  protection  gate). 

When  measuring  an  unknown  fre¬ 
quency,  always  use  the  highest  range 
first  and  then  switch  down  until  the 
meter  indicates  on  scale.  If  the  voltage 
of  the  unknown  signal  is  not  higher 
than  the  basic  sensitivity  of  the  meter 
(at  least  0.2  volt  rms)  an  erroneous 
frequency  indication  may  be  ob¬ 
served.  Always  measure  the  voltage 
value  of  the  unknown  frequency  be¬ 
fore  measuring  its  frequency.  If 
necessary,  use  some  form  of  voltage 
divider  at  the  input  to  the  frequency 
meter. 

At  periodic  intervals,  check  the  bat¬ 
tery  voltage  and,  if  necessary,  recali¬ 
brate  the  frequency  meter  to  compen¬ 
sate  for  changes  in  characteristics 
due  to  component  aging,  <§> 
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A  NE W 

NMIONAL  TV 
NETWORK? 


Communication  satellites  may  make  a 

national  pay  TV  network  a  reality. 


IT  IS  possible  that  there  will  be 
a  new,  fourth  television  network  in 
the  United  States.  It  will  differ  from  the 
"Big  Three”  in  several  respects — 
signals  will  be  carried  by  coaxial  ca¬ 
ble  rather  than  theairwaves;  program¬ 
ming  will  include  current  films,  sports 
events,  concerts  and  theatre;  and  view¬ 
ers  will  pay  a  per-program  fee  In  ad¬ 
dition  to  a  monthly  service  charge. 

Regional  " Pay  TV”  has  gained  some 
acceptance  with  more  than  130,000 
homes  subscribing  to  its  services. 
(This  is  notto  be  confused  with  "Cable 
TV,"  which  duplicates  standard  TV 
broadcast  fare.)  Now  three  com¬ 
panies,  including  two  regional  Pay  TV 
firms,  have  applied  for  FCC  permis¬ 


sion  to  form  a  national  network  using 
the  cable  format.  The  stimuli  of  this 
renewed  interest  in  a  Pay  TV  network 
are  developments  in  satellite  com¬ 
munications  and  increased  public  ac¬ 
ceptance  of  the  two  representative 
Pay  TV  systems. 

Under  the  proposed  format,  pro¬ 
gram  material  would  be  beamed  to  a 
domestic  communications  satellite 
(See  drawing)  from  a  central  network 
studio  (A  or  B).  Member  cable  sys¬ 
tems  (1  through  8)  would  receive  the 
program  through  an  earth  station 
connected  to  their  cable  plant.  Home 
viewers  subscribing  to  the  service 
would  have  their  choice  of  regular 
commercial  programming  or  the  spe¬ 


cial  "pay"  programs  sent  by  the  cable 
network. 

The  cost  of  the  required  earth  sta¬ 
tions  has  been  steadily  dropping  be¬ 
cause  of  advances  in  technology.  At 
present  such  installations  cost  about 
$100,000,  but  this  is  expected  to  drop 
50%  in  ten  years.  An  RCA  communica¬ 
tions  satellite,  part  of  the  Giobal 
Communications  system,  would  be 
employed. 

Home  Box  Office,  UA-Columbia 
Cablevision,  and  RCA  Global  Com¬ 
munications  are  actively  pursuing  the 
idea  of  such  a  "cable  network."  UA- 
Columbia  says  that  40%  of  the  10,000 
subscribers  to  its  Wayne,  N.JM  system 
have  purchased  the  special  events 
channel.  In  Brookhaven,  N.Y.,  4,000 of 
the  24,000  subscribers  bought  it  in 
less  than  five  months. 

UA-Columbia  hopes  to  build  earth 
stations  in  1976for  its  cable  systems  at 
Fort  Smith,  Ark.;  Laredo,  Texas; 
Yuma,  Ariz.;  El  Centro,  Calif.;  and 
Pasco  and  Kennewick,  Wash.  AT&T 
proposes  to  build  an  earth  station  at 
Orlando,  Fla.,  to  provide  the  Home 
Box  Office  features  to  several  of  its 
cable  systems  in  central  Florida,  as 
well  as  to  nearby  systems  operated  by 
other  cable  companies. 

Studies  made  by  Knowledge  Indus¬ 
try  Publications,  Inc.  show  that  the  es¬ 
tablishment  of  a  national  cable  TV 
network  would  require  a  capital  in¬ 
vestment  of  more  than  $75  million, 
and  that  the  network  would  operate  at 
a  loss  for  the  first  four  years.  After¬ 
ward,  profits  are  expected  to  steadily 
grow,  with  a  cumulative  cash  flow  ex¬ 
ceeding  $400  million  in  10  years.  This 
compares  to  estimates  of  $4.2  billion 
in  advertising  revenues  projected  for 
broadcast  TV  networks  by  1984.  <§> 
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CONSTRUCTION 


TESTED 


hmie  ran  uimi 

ELECTRONIC 

Electronic  game 
of  chance 
uses  TTL  &  LED's 

BY  R.  (VI.  STITT 


The  rolling  of  dice  is  one  of  the 
oldest  games  known  to  man.  In 
ancient  times,  dice  were  actually 
carved  out  of  bones,  with  various 
characters  on  the  six  sides.  Today,  we 
have  electronic  dice.  Though  some  of 
the  character  of  the  game  may  be  lost 


in  the  transition  from  rolling  the  bones 
to  pushing  a  button,  the  chances  of 
winning  and  losing  are  still  the  same 
(sometimes  better,  since  there  are  no 
mechanical  irregularities  to  modify 
probabilities).  Also,  electronic  dice 
can  be  used  in  the  darkand  don  t  emit 


rattling  noises  that  can  be  disturbing 
to  some  people. 

The  electronic  dice  device  de¬ 
scribed  here  is  easily  built  and  comes 
in  a  neat,  simple  package.  It  makes  an 
ideal  game  for  children  and  grownups 
whatever  their  ages. 


IC3—7400  quad  2-inpui  NAND  gate 
1C4— 7408  quad  2-input  AND  gale 
IC5 — 7405  hex  inverter 
LEDl  to  LED  14 — Red  LED  (matched, 
see  text) 


5%  resistor 
R5,R9— 180-ohm,  ^-W,  5%  resistor 
S  l — Spst  switch 

S2 — Spst  normally  open  pushbutton 
switch 


M1TS.  Inc.,  6328  Linn.  N,E„  Albu¬ 
querque.  NM  87108:  pc  board  alone 
at  $5.00;  complete  kit  of  all  parts, 
including  board  but  not  case,  at  $28. 
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Fig,  2,  Actual -size  foil  pattern  is  shown  ctt  right .  Component  installation  at  left. 


Circuit  Operation.  As  shown  in  Fig. 
1,  three  of  the  six  inverters  in  IC5  are 
interconnected  with  Cl  and  fl2toform 
a  clock  oscillator  running  at  about  t 
MHz.  A  fourth  inverter  in  IC5  is  used  as 
a  buffer  to  drive  the  first  die  circuit 
(IC1).  This  1C  is  a  divide-by-12  counter 
consisting  of  a  divide-by-2  (not  used) 
and  a  divide-by-6  (used).  The  outputs 
of  the  counter  are  decoded  by  one 
inverter  in  /C5,  two  NAND  gates  in 
IC3  and  two  AND  gates  in  IC4. 
The  decoded  outputs  then  drive  di¬ 
rectly  the  six  LED’s  which  form  the 
face  of  one  die. 

The  output  (carry)  from  the  first  die 
is  used  to  drive  the  second  die  circuit 
formed  by  IC2  and  the  remaining 
elements  of  the  other  IC’s. 

When  the  roll  switch,  S2,  is  oper¬ 
ated,  the  clock  oscillator  is  coupled  to 
the  first  die,  and  its  circuit  runs 
through  its  states  at  a  rate  of  t  million 
times  per  second.  The  second  die  runs 


through  its  states  at  about  166,000 
times  per  second,  When  S2  is  re¬ 
leased,  the  LED  indication  is  truly  ran¬ 
dom,  with  the  same  probability  as  an 
actual  pair  of  theoretically  perfect 
dice  would  have. 

Construction.  Neither  the  circuit 
layout  nor  lead  dress  is  particularly 
critical,  but  an  effort  should  be  made 
to  minimize  the  length  of  the  lead  be¬ 
tween  the  1-MHz  oscillator  and  the 
first  counter  (IC1).  If  desired,  a  pc 
board  can  be  made,  using  the  etching' 
and  drilling  guide  shown  in  Fig.  2. 

There  are  two  ways  to  mount  the 
LED's.  The  first  is  to  mount  them 
directly  on  the  pc  board  in  their 
designated  places,  making  sure  that 
their  tops  are  at  least  3/16"  to  1/4" 
above  the  tops  of  the  integrated 
circuits.  Then  the  top  cover  of  the 
enclosure  must  be  drilled  so  that  the 
seven  LED’s  for  each  die  protrude 


A  ROLL-DOWN  CIRCUIT 


While  testing  the  electronic  dice, 
we  experimented  with  finding  a  way 
to  produce  a  “roll-down11  similar  to 
the  effect  obtained  when  regular  dice 
are  thrown.  This  can  be  done  by  using 
the  circuit  shown  here  to  replace  the 
three-inverter  oscillator  portion  of 
Fig.  T 

The  output  of  the  UJT  is  coupled  to 
pin  9  of  IC5 ,  while  pin  8  of  IC5  i$ 
connected  directly  to  the  junction  of 
R1  and  pin  1  of  (Cl.  The  R1  of  the 
original  circuit  is  required  because  the 
7405  (hex  inverter)  has  an  open 
collector  on  its  output  transistor.  Note 
the  new  position  of  the  roll  pushbutton. 

When  the  roll  switch  is  pushed,  the 
UJT  forms  a  conventional  oscillator 
with  a  frequency  determined  by  f?A  and 
CAt  whose  values  can  be  changed  as 
desired.  When  the  switch  is  released, 
the  dc  supply  is  removed  from  the 
timing  circuit  and  CB  is  included  in  the 
circuit.  As  the  charge  on  leaks  off, 


less  and  less  voltage  is  applied  to  the 
timing  circuit  and  the  oscillator  fre¬ 
quency  drops.  This  causes  the  dice 
display  to  “slow  down”  and,  as  the 
voltage  drops  to  almost  zero,  the  dice 
stop  rolling.  Reclosing  the  roll  switch 
will  start  the  roll  again.  The  value  of  CB 
can  be  changed  to  vary  the  duration  of 
the  roll-down  time. 

— The  Editors 


through  the  holes.  The  pc  board  can 
then  be  mounted  on  the  top  cover 
using  suitable  mounting  hardware. 
The  LED’s  should  be  selected  (by 
connecting  them  to  a  5-volt  dc  source 
through  a  180-ohm,  Vz-watt  resistor)  to 
make  sure  that  they  all  glow  with 
about  the  same  brightness. 

The  pc  board  fits  in  the  plastic  case 
given  in  the  parts  list.  When  the  top  of 
this  case  has  been  drilled  for  the 
LED’s,  it  is  covered  with  a  red  anti¬ 
glare  filter  that  obscures  the  unlit 
LED’s.  This  makes  the  face  of  each 
die  clear. 

The  batteries  (in  their  holder)  are 
secured  to  the  bottom  of  the  case  and 
a  piece  of  foam  rubber  is  placed  on  top 
of  the  batteries  so  that  the  pc  board 
and  LED’s  make  a  tight  fit  when  the 
case  is  closed.  The  foam  rubber  keeps 
things  from  moving  about.  Of  course, 
with  this  approach,  the  pc  board  need 
not  be  attached  to  the  cover.  In  the 
prototype,  nickle-cadmium  cells  were 
used.  Although  their  initial  price  is 
high,  they  can  be  recharged  many 
times. 

The  second  way  of  mounting  the 
LED’s  involves  drilling  the  top  cover 
and  attaching  the  LED’s  to  it  with 
epoxy.  Then  lengths  of  insulated  wire 
can  be  used  to  interconnect  the  LED’s 
and  the  pc  board. 

Operation.  When  the  power  switch  is 
first  turned  on,  the  dice  should 
illuminate  in  combination.  This  initial 
state  is  determined  primarily  by  the 
mismatches  in  the  thresholds  of  the 
IC’s  and  will  vary  with  the  IC’s. 
Therefore,  this  “start-up”  state  is  not 
random  and  should  not  be  used  as  a 
“throw”  of  the  dice. 

When  the  roll  pushbutton  is  de¬ 
pressed,  all  14  LED’s  should  go  on. 
Some  will  be  brighter  than  others  due 
to  the  differences  in  their  duty  cycles. 
When  the  button  is  released,  the  dis¬ 
play  will  be  a  random  roll.  <$> 
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Precision  Matching 

of  RESISTORS 

Home  experimenter  technique  for  matching 

resistors  to  better  than  0.5%  by  james  demas 


PRECISION  matching  of  resis¬ 
tor  values  is  extremely  impor¬ 
tant  in  such  circuits  as  bridges  and 
differential  amplifiers  At  first  glance, 
you  might  think  that  an  easy  way  to 
match  values  is  to  use  expensive  1% 
or  better  precision  resistors,  A  close 
look  at  the  situation,  however,  will  re¬ 
veal  a  basic  flaw  In  this  plan.  If  you 
use  1%  resistors,  one  resistor  might 
be  1%  higher  and  the  other  1%  lower 
than  the  nominal  value  required. 
Hence,  the  matched-pair  tolerance 
would  be  2%  . 


Ordinarily,  when  you  need  closely 
matched  resistor  pairs,  the  absolute 
resistance  value  is  not  as  important 
as  how  close  the  values  are  to  each 
other.  Closely  matched  resistors 
whose  absolute  values  are  '  in  the 
ballpark1  of  those  required  will  usu¬ 
ally  suffice  for  a  given  application. 

While  commercial  manufacturers 
generally  use  expensive  laboratory- 
type  equipment,  the  home  experi¬ 
menter  must  find  a  more  economical 
means  for  matching  resistors.  Fortu¬ 
nately,  all  he  needs  is  a  htgh- 
impedance  multimeter,  a  0-to-30-volt 
power  supply,  and  a  10-turn  poten¬ 
tiometer,  The  meter  should  have  a 
10-megohm  or  greater  input  imped 
ance  and  a  sensitive  low-voltage 
range,  preferably  0.6  volt  or  less  full 
scale.  Almost  any  value  for  the 
potentiometer's  resistance  between  a 
few  hundred  and  about  50,000  ohms 
will  do  for  this  test  circuit. 


Resistance-Ratio  Method.  The 

Wheatstone  bridge  that  you  must  set 
up  with  the  meter,  power  supply, 
potentiometer,  and  resistors  to  be 
matched  is  shown  in  the  schematic 
diagram.  With  this  setup,  you  can  eas¬ 
ily  obtain  resistance  ratios  that  will 
permit  you  to  match  resistors  to  bet¬ 
ter  than  0,5%. 

The  resistors  to  be  matched  in  the 
diagram  are  R1  and  R2  These  will 
form  one  voltage-divider  leg  of  the 
bridge,  while  the  potentiometer  (fl3) 
will  form  the  other  leg.  When  using 
this  circuit,  with  ft?  and  R2  in  place, 
adjust  R3  for  a  null,  indicated  by  the 
meter  reading  as  close  as  possible  to 
zero  on  the  most  sensitive  range.  This 
balances  the  bridge. 

Interchange  R1  and  fl2.  If  the  val¬ 
ues  of  R1  and  R2  are  identical,  trans¬ 
posing  the  two  resistors  will  not  affect 
the  meter  reading.  However,  any  dif¬ 
ference  in  the  resistances  will  unbal¬ 
ance  the  bridge  and  cause  the  meter 
to  read  some  positive  or  negative 
voltage  above  or  below  the  null  point 
by  an  amount  proportional  to  the 
ratio  of  the  two  resistor  values. 

The  resistances  of  R1  and  R2  are 
related  by  the  formula 


where  R1  and  R2  are  the  values  of  the 
resistors  to  be  matched,  E  is  the 
power  supply  voltage.  E?  is  the  meter 
reading  after  transposing  the  resis¬ 
tors.  and  Er  is  the  initial  meter  read¬ 
ing  after  nulling.  The  formula  applies 
only  if  the  power  supply  and  meter 
are  connected  as  shown.  Also.  E2  and 


Ei  have  polarity  signs  that  must  be 
carried  into  the  calculations. 

A  sample  calculation  of  how  to  use 
the  formula  is  instructive.  Assume 
two  175  000-ohm  resistors  are  com¬ 
pared  using  an  18,5-volt  supply  po¬ 
tential.  The  initial  null  rs at  1.0  mV  (Ei) 
and  the  final  voltage  (E2)  is  -1.96  V 
This  yields 


'lz-ojosi 

.  %2.  -o 

‘  i-(-0JO£*n 


8086 


This  means  that  the  value  of  R2  is 
lower  than  that  of  R7  by  1  -  0  8086.  or 
about  19,1%. 

For  matching  resistor  values  greater 
than  5000  ohms,  use  an  18-  ora  27-volt 
supply  potential.  For  resistors  of  less 
than  5000  ohms,  use  a  9-volt  supply 
potential  Resistances  of  less  than 
1 000-ohms  should  not  be  matched  by 
th i s  p roeed u re  because  of  th ei r  exces- 
sive  power  dissipation. 

Another  point  to  keep  in  mind  is 
that,  when  the  values  of  R1  and  R 2 
exceed  about  50,000  ohms,  the  first 
equation  will  be  in  error,  owing  to  the 
meter's  inherent  loading  effect  on  the 
circuit.  This  results  in  a  AE  measure¬ 
ment  that  will  be  too  small.  To  correct 
for  the  error,  replace  the  AE  entry  in 
the  formula  with 


Where  R1tl  is  the  input  impedance  of 
the  meter.  Finally,  because  of  noise 
pickup  and  the  magnitude  of  the  cor¬ 
rection  term,  resistances  greater  than 
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10  megohms  cannot  be  reliably 
matched. 

With  the  resistance-ratio  method, 
you  can  obtain  matching  accuracies 
of  almost  0.05%,  If  you  use  a  very 
sensitive  meter — say  a  DMM  with  a 
10-mV  full-scale  range — you  will  in  all 
likelihood  be  able  to  match  resistors 
to  better  than  0.01%. 


Matching  the  Resistors.  There's 
an  obvious— but  usually  impractical 
—procedure  for  matching  resistors: 
select  one  resistor  from  a  batch 
having  the  same  nominal  value  and 
proceed  to  measure  ratios  until  you 
hit  on  a  close  match.  A  more  practical 
procedure  would  be  to  trim  one  resist¬ 
ance  to  make  it  equal  to  the  other. 

The  initial  trimming  is  of  two  types. 
In  series  trimming,  the  lower  resist¬ 
ance  is  increased  by  adding  in  series 
with  it  another  resistor  of  the  proper 
value.  In  parallel  trimming,  the  larger 
resistance  is  decreased  by  connecting 
a  resistor  of  the  proper  value  in  paral¬ 
lel.  Series  trimming  is  preferred  where 
possible.  When  the  lower-value  resis- 
tor  is  a  standard  or  reference  that  can¬ 
not  be  modified,  however,  you  have  no 
alternative  but  to  employ  parallel 
trimming. 

In  series  trimming,  if  R2  is  greater  in 
value  than  R1  (you  can  always  change 
your  reference  to  make  R2  the  smaller 
resistance),  the  necessary  series  re¬ 
sistance  for  Ri  t  designated  can  be 
calculated  by  using  the  formula 


The  absolute  value  of  RI  may  not  be 
known,  requiring  that  you  use  the 
nominal  value  for  computation.  The 
closest  commercially  available  value 
for  can  be  used.  These  two  error 
sources,  however,  usually  prevent  the 
trimmed  pair  from  being  perfectly 
matched.  But  the  matching  will  still  be 
much  better  than  if  you  just  took  two 
precision  resistors  of  the  same  nomi¬ 
nal  value  and  used  them. 

With  parallel  trimming  of  the 
larger-value  resistor,  trimming  resis¬ 
tor  R,,  5  value  can  be  computed  by 


Again,  R2IR1  is  greater  than  1,  and  the 
nominal  value  of  R2  is  used  in  the  cal¬ 


culation.  This  procedure  works  well  if 
R2IR1  is  not  too  close  to  1 .000.  As  the 
ratio  approaches  unity,  R„  becomes 
prohibitively  large.  Hence,  with  paral¬ 
lel  trimming,  use  an  R„  that  is  slightly 
lower  in  value  than  that  calculated 
from  the  equation.  This  makes  R2  a 
little  lower  in  value  than  Ri.  Then 
series  trim  as  discussed  above  for  any 
final  adjustment  of  the  ratio. 

If  the  match  is  still  inadequate, 
furthertrimming  will  makeil  approach 
the  ideal.  With  series  trimming,  if  RJs 
too  low,  add  another  resistor  of  lower 
value  in  series  with  Ri  and  to  cor¬ 
rect  the  value.  If  Rs  is  too  large,  the 
combination  of  R.  and  RI  Is  greater 
than  R2.  Several  solutions  are  possi¬ 
ble.  Series  trim  smaller  resistance  R2. 
Alternatively,  connect  a  suitable  resist¬ 
ance  in  parallel  with  R— NOT  the 
series  combination  of  fh  and  Ri — to 
reduce  it  to  the  correct  value. 

The  required  parallel  trimming  re¬ 
sistor.  R„  for  Ah  is  calculated  by 


where  RVR2  is  just  the  inverse  of  the 
original  ratio  determined  for  the  resis¬ 
tor  pair,  and  {RI  ^  RH)jR2  is  the  ratio 
determined  after  the  first  trim. 

The  most  economical  type  of  resis¬ 
tors  to  use  for  matching  are  10%  com¬ 
position  types.  Using  10%  composi¬ 
tion  resistors  and  the  matching  pro¬ 
cedure  outlined  above,  you  can  be 
sure  of  better  than  1%  matching  for 
less  than  the  cost  of  two  5%  resistors. 
Absolute  accuracy  will  be  sacrified, 
however.  But  if  you  buy  your  resistors 
all  at  one  time  and  from  the  same 
place,  they  will  usually  be  from  the 
same  batch.  Resistors  in  a  given  batch 
are  usually  closely  matched 

Matching  composition  resistors  to 
better  than  0.5%  is  possible,  but  such 
resistors  have  poor  inherent  long¬ 
term  stability,  especially  for  values  ex¬ 
ceeding  1  megohm.  Stability  can  be 
improved  by  operating  the  resistors 
well  below  their  rated  power  and  by 
burning  them  in  before  matching. 
Once  matched,  treat  the  resistors  as 
you  would  semiconductor  devices 
Don't  overheat  them  and  use  a  low- 
power  soldering  iron  and  heat  sinks 
on  the  leads. 

For  the  highest  possible  stability, 
wire-wound,  oxide,  and  metal-film 
resistors  are  recommended.  <$> 
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IF  YOU  ARE  READY  FOR  SERIOUS  CAREER 


Learn  College-Level 


ADVANCEMENT  NOW 


Electronics  at  Home 


With  CREI’s  unique  Electronic 
Design  Laboratory  Program 


There  is  only  one  way  to  a  career  in 
advanced  electronics — through  advanced 
training.  You  can  get  such  training  through 
a  resident  engineering  college  or  you  can  take 
a  CREI  specialized  college  level  electronics 
program  at  home. 

Wide  Choice  of  Programs.  CREI  offers  you 
program  arrangements  with  fourteen  areas  of 
specialization  in  advanced  electronics.  You 
can  select  exactly  the  area  of  specialization 
for  the  career  you  want 

CREI  also  offers  program  arrangements 
both  for  those  with  extensive  experience  in 
electronics  and  for  those  with  only  limited 
experience.  All  programs  are  college-level, 
except  for  a  brief  introductory  level  course, 
which  is  optional. 


Industry  Recognized  Training.  For  nearly 
50  years  CREI  programs  have  been  recognized 
throughout  the  field  of  electronics.  CREI 
students  and  graduates  hold  responsible 
positions  in  every  area  of  electronics  and  are 
employed  by  more  than  1,700  leading  organi¬ 
zations  in  industry  and  government. 

Qualifications  to  Enroll.  To  qualify  for  enroll¬ 
ment,  you  should  be  employed  in  electronics 
or  have  previous  experience  or  practical  train¬ 
ing  in  the  use  of  electronic  equipment.  You 
must  also  be  a  high  school  graduate  or  true 
equivalent. 

Ail  CREI  Programs  are  available 
under  the  G.l.  Bill 


Unique  Laboratory  Program.  CREI  now  offers 
a  unique  Electronic  Design  Laboratory  Program 
to  train  you  in  the  actual  design  of  electronic 
circuits.  You  also  get  extensive  experience  in 
tests  and  measurements,  breadboarding,  pro¬ 
totype  building  and  in  other  areas  important 
to  your  career.  The  Lab  Program  makes  it 
easier  for  you  to  understand  the  principles  of 
advanced  electronics.  Only  CREI  offers  this 
complete  college  type  laboratory  program. 

The  Lab  Program  includes  professional 
equipment  which  becomes  yours  to  keep. 

You  will  especially  appreciate  the  Electronic 
Circuit  Designer,  which  is  available  only 
through  this  program  and  which  you  will  find 
extremely  valuable  throughout  your  profes¬ 
sional  career. 

College  Credit.  You  can  actually  earn  college 
credit  through  CREI  programs,  which  you  can 
use  at  recognized  colleges  for  an  engineering 
degree.  CREI  maintains  specific  credit  transfer 
arrangements  with  selected  colleges  in  the  U.  S. 


Send  for  FREE  Book.  If  you  are  qualified, 
send  for  CREI’s  full  color  catalog  describing 
these  college-level  programs  and  your  career 
opportunities  in  advanced  electronics.  Mail 
card  or  write  for  your  copy  of  this  book. 
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Product 
Test  Reports 


ABOUT  THIS  MONTH'S  HI-FI  REPORTS 

The  three ,  very  different  products  in  this  month's  reports  ham  two  things 
in  common:  they  are  all  innovative  and  they  deliver  outstandingly  fine 
performance. 

Many  people  think  a  preamplifier  should  do  nothing  but  amplify  and 
possibly  alter  the  frequency  response  of  a  signal.  Phase  Linear's  very  dif¬ 
ferent  philosophy  is  exemplified  by  its  Model  WOO  preamplifier.  In  addition 
to  all  of  the  usual  preamplifer  features,  it  has  a  unique  autocorrelator 
circuit  that  removes  most  of  the  hiss,  hum ,  and  rumble  from  a  signal 
without  the  least  audible  effect  on  its  frequency  response .  It  also  has  a 
dynamic  expander  that  restores  much  of  the  dynamic  range  removed  from 
every  recorded  or  broadcast  program. 

JVC's  new  deluxe  cassette  deck t  Model  1669 ,  combines  a  very  smooth # 
solenoid-operated,  remote-controlled  tape  transport  with  a  refined  ferrite 
head  that  extends  its  useful  frequency  response  to  just  short  of  20  kHz ,  The 
JVC 1669  has  its  own  ANRS  noise  reduction  system,  which  is  similar  to  the 
Dolby  system  in  its  effect. 

Pioneer's  headphones  deliver  the  performance  you  would  expect  from  the 
better  electrostatics  at  a  fraction  of  their  price T  c md  in  a  nearly  “feather¬ 
weight**  package. 

— Julian  D,  Hirsch 


PHASE  LINEAR  MODEL  4000  STEREO  PREAMPLIFIER 

S  t  tp  erh  p  run  1 1  ip  feu  ft  t  re  v  u  ti  iqtre  s  it*  n  a  I  prnc  ess  i  t  iy  sys  t  e  tn . 


Unique  noise 
reduction  and 
dynamic  range¬ 
expanding  cir¬ 
cuitry  are  among 
the  many  features  of  the  Phase  Linear 
Model  4000  preamplifier.  The  preamp 
has  inputs  for  two  phono  cartridges 
and  two  high-level  program  sources 
and  a  tape  playback  input  for  one  of 
the  two  tape  decks  it  can  control.  The 
other  tape  recorder's  playback  can  be 
monitored  during  recording,  and  it  is 
possible  to  copy  from  it  to  the  first 
deck  while  listening  to  another  pro¬ 
gram  source  through  the  preamp. 
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The  preamplifier  measures  19rrW  x 
QWV  x  7"H  (48  x  23  x  18  cm)  and 
weighs  18  pounds  (0.2  kg).  It  retails  for 
$599, 

General  Description*  The  separate 
bass  and  treble  controls  for  each 
channel  have  selectable  turnover  fre¬ 
quencies  of  40  or  150  Hz  for  the  bass 
and  2000  or  8000  Hz  for  the  treble.  (A 
separate  switch  is  provided  for  bypas¬ 
sing  the  tone  control  circuits.)  Each 
control  is  an  11-position  switch.  The 
volume  control,  which  cannot  reduce 
the  output  to  zero,  is  augmented  by  a 
20-dB  attenuator  switch  to  provide  an 
adequate  control  range. 

Channel  balance  is  by  means  of  a 
"joystick"  control  located  in  the 
center  of  the  front  panel.  Although  this 
is  basically  a  stereo  preamp,  it  has 
built  into  it  an  SQ  decoding  matrix 
with  Phase  Linears  own  front-back 
logic  system  that  can  be  used  to  de¬ 
code  SQ  discs  or  FM  broadcasts  or  to 
synthesize  rear-channel  "ambience” 
outputs  from  stereo  programs. 


Inputselection  and  tone  and  volume 
settings  are  made  with  rotary  controls. 
All  other  switching  functions  are 
available  via  lever  switches.  Lever 
switches  also  control  the  special 
signal-processing  circuits  and  an  "ac¬ 
tive  equalizer"  that  provides  a  slight 
boost  at  very  low  and  very  high  fre¬ 
quencies  where  most  speaker  systems 
fall  off  appreciably  in  their  responses. 

Perhaps  the  most  unique  feature  of 
the  preamp  is  its  'autocorrelator1' 
noise  reduction  system  that  operates 
on  any  input  source.  Unlike  the  Dolby 
system,  the  autocorrelator  does  not 
require  specially  processed  program 
material.  In  a  sense,  it  is  a  dynamic 
low-pass  filter  whose  action  is  con¬ 
trolled  by  the  levels  and  frequency 
distribution  of  the  program  mate¬ 
rial.  There  is,  however,  an  important 
difference. 

Signals  in  the  200-  to  2000-Hz  band 
are  sensed  to  determine  the  presence 
of  discrete  frequency  components,  as 
opposed  to  random  noise.  Any  dis¬ 
crete  frequencies  detected  cause 
"windows’  to  open  up  on  the 
preamp  s  2000-  to  20,000-Hz  response 
range  at  harmonics  of  the  control 
signals.  (The  control  signals  are  as¬ 
sumed  to  be  musicai  fundamentals.) 
In  this  manner,  the  normal  harmonic 
structure  of  the  program  is  not  af¬ 
fected:  yet,  the  portions  of  the  2000- to 
20,000-Hz  spectrum  not  required  to 
pass  the  harmonics  are  closed  off, 
excluding  noise  components  not 
related  to  the  signal. 

A  small  control  knob  on  the  front 
panel  permits  continuous  operational 
threshold  adjustments  to  be  made  for 
the  autocorrelator.  Adjustment  of  the 
control  is  not  critical.  As  it  is  turned 
counterclockwise,  the  hiss  suddenly 
drops,  Only  after  considerable  addi¬ 
tional  rotation  do  the  highs  in  the 
program  drop  out.  Within  its  operating 
range,  the  system  reduces  hiss  by 
about  10  dB,  with  no  effect  on  the  fre¬ 
quency  content  of  the  output  signal. 

The  autocorrelatorswitch  also  turns 
on  a  low-frequency  dynamic  filter  that 
removes  rumble  and  hum  from  only 
the  phono  signals.  Its  threshold  ad¬ 
justment  is  via  a  screwdriver-operated 
control  that  is  accessible  through  a 
hole  in  the  front  panel.  The  filter  cuts 
the  response  at  20  Hz  and  below  by 
some  15  dB  without  any  loss  of  low- 
frequency  program  material. 

The  second  unique  feature  of  the 
preamp  is  its  "Peak  Unlimiter  and 
Downward  Expander,"  Turned  on  by 
a  separate  lever  switch,  it  is  a  sophisti- 
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cated  volume-expansion  system  that 
provides  several  different  expansion 
characteristics  according  to  the  in¬ 
stantaneous  program  level,  with  dif¬ 
ferent  time  constants  in  each  operat¬ 
ing  area.  A  small  knob  on  the  control 
panel  is  used  to  set  the  threshold  for 
the  filter  system. 

When  the  filter  system  is  operating, 
a  red  LED  flashes  on  signal  peaks.  The 
total  expansion  is  7  or  8  dB,  sufficient 
to  restore  much  of  the  dynamics  of  a 
program  normally  suppressed  by  re¬ 
cording  and  broadcast  compressors 
or  limiters.  The  filter  is  not  detectable 
in  action,  nor  does  it  add  any  un¬ 
natural  qualities  to  the  signal. 

The  preamp’s  various  inputs  and 
outputs  are  located  on  the  rear  apron. 
In  addition  to  the  four  channel  out¬ 
puts,  there  is  a  second  pair  of  front- 
channel  outputs.  A  third  set  of  outputs 
is  on  the  front  panel — two  stereo 
phone  jacks  for  the  front  and  rear 
channels.  Since  these  come  after  the 
signal-processing  circuits,  they  can 
be  used  to  supply  a  noise-reduced 
signal  to  another  tape  deck  or  am¬ 
plifier. 

Two  screwdriver  controls  next  to 
the  phono  1  inputs  compensate  for 
any  effect  the  cartridge’s  inductance 
might  have  on  the  preamp’s  equaliza¬ 
tion  so  that  a  true  RIAA-equalized  re¬ 
sponse  can  be  achieved.  Recommen¬ 
ded  settings  for  most  phono  car¬ 
tridges  are  given  in  the  instruction 
manual. 

There  are  six  accessory  ac  outlets 
on  the  rear  apron.  Three  are  switched 
via  a  heavy-duty  relay  to  control  up  to 
25  amperes  of  current,  which  might  be 
required  if  the  preamp  were  to  be  used 
to  control  power  to  two  high-power 
amplifiers  like  the  Phase  Linear  Model 
700’s. 

Laboratory  Measurements.  In 

addition  to  their  conventional  turn¬ 
over  points  near  the  frequency  ex¬ 
tremes,  the  tone  controls  have  a  lim¬ 
ited  range  of  about  ±8  dB.  Their  ef¬ 
fects  are  quite  subtle,  even  when  used 
to  the  fullest  extent;  but  they  make  it 
possible  to  equalize  the  response  of  a 
good  speaker  system  and  make  it  even 
better. 

Although  its  function  might  seem  to 
be  much  like  that  of  a  loudness  con¬ 
trol,  the  active  equalizer  is  totally  dif¬ 
ferent.  At  the  low  end,  it  begins  to 
boost  the  response  below  70  Hz  to 
about  +6  dB  at  20  Hz.  At  the  high  end, 
the  boost  begins  at  10,000  Hz  and  is 
only  3.5  dB  at  20,000  Hz.  With  most 
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speaker  systems,  it  can  be  left  on  at  all 
times,  producing  no  obvious  colora¬ 
tion  but  definitely  enhancing  the  total 
sound  quality. 

The  RIAA  equalization  was  accurate 
to  with i n  ±0.5  d  B  from  20  to  20,000  Hz. 
With  proper  adjustment  of  the  car¬ 
tridge  compensation  controls,  the  flat 
response  was  maintained  over  the  full 
frequency  range.  (Most  preamps  suf¬ 
fer  a  loss  of  several  decibels  beyond 
10,000  Hz  due  to  interaction  with  the 
phono  cartridge.) 

To  produce  a  1-volt  reference  out¬ 
put,  the  high-level  inputs  required 
0.175-volt  and  the  phono  inputs 
1.8-mV  signals.  The  phono  inputs 
overloaded  at  62  mV.  The  unweighted 
noise  in  the  outputs  was  -68  dB  on 
the  phono  inputs,  referred  to  1  volt. 
Referred  to  the  rated  8-volt  output, 
each  would  be  improved  by  18  dB.  (If 
the  associated  power  amplifier  has 
level  controls,  they  should  be  set  to 


require  at  least  several  volts  from  the 
preamplifier  at  rated  output  to  gain  the 
maximum  S/N  advantage.) 

The  THD  at  1000  Hz  was  less  than 
0.03%  up  to  a  2-volt  output,  increasing 
slowly  to  0.1%  between  6  and  7  volts 
and  to  0.17%  at  the  rated  8  volts.  The 
I M  distortion  was  less  than  0.05%  up  to 
1  volt,  0.25%  at  5  volts,  and  0.6%  at  8 
volts. 

The  dynamic  nature  of  the  peak  un¬ 
limiter  and  autocorrelator  system  pre¬ 
vented  us  from  making  measurement 
of  them.  They  and  the  SQ  decoder 
were  evaluated  subjectively  by  ex¬ 
tended  listening  tests.  The  autocor- 
reiator  proved  to  be  by  far  the  most 
effective  noise  reducer  that  does  not 
require  preprocessed  signals  that  we 
have  used.  In  A-B  comparisons,  it  ap¬ 
peared  to  be  about  as  effective  as  the 
Dolby  B  system  in  hiss  reduction. 
Since  it  can  be  used  with  the  Dolby  or 
any  other  noise-reduction  system,  the 
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combination  of  the  two  actually  re¬ 
duces  hiss  to  complete  inaudibility 
even  under  very  high-level  listening 
conditions. 

The  peak  unlimiter/downward  ex¬ 
pander  contributed  almost  as  much 
noise  reduction  as  the  autocorrelator. 
During  low-level  passages,  switching 
in  the  expander  dropped  the  level 
noticeably,  with  a  corresponding 
noise  reduction.  On  program  peaks, 
switching  it  in  gives  a  level  increase  of 
about  3  d  B  that  is  clearly  aud  ible.  Over 
most  of  the  intervening  range  of 
levels,  there  is  no  audible  effect.  At  no 
time  did  we  hear  any  "breathing"  or 
other  side  effects  from  the  expansion 
process. 

The  reduction  in  low-frequency 
noise  accompanying  the  use  of  the 


autocorrelator  adds  immeasurably  to 
the  sense  of  realism  in  the  sound.  Re¬ 
gardless  of  the  quality  of  the  turn¬ 
table,  most  records  have  considerable 
low-frequency  noise,  and  the  dead 
silence  that  replaces  it  must  be  heard 
to  be  believed. 

As  an  SQ  decoder,  the  Model  4000 
appeared  to  be  about  as  good  as  the 
various  "partial-logic"  systems  of¬ 
fered  in  many  receivers.  It  is  substan¬ 
tially  betterin  itsfront-reardirectional- 
ity  than  a  simple  matrix,  but  it  cannot 
compare  to  the  latest  "variable-blend 
wave-matching"  SQ  logic  systems. 

User  Comment.  By  using  the  full 
signal  processing  facilities  of  the 
preamp,  it  is  possible  to  make  a  fantas¬ 
tic  improvement  in  program  realism. 


Used  with  high-power  amplifiers  of 
comparable  quality  and  good  speaker 
systems,  the  result  is  an  overall 
realism — even  with  older  stereo  and 
mono  discs — that  one  would  believe 
to  be  impossible  if  it  could  not  be  re¬ 
peatedly  demonstrated.  * 

We  consider  the  Phase  Linear 
Model  4000  to  be  one  of  the  most  out¬ 
standing  electronic  developments  to 
appear  on  the  hi-fi  scene  in  recent 
memory.  It  is  unequalled  in  its  ability 
to  provide  full-fidelity  music  reproduc¬ 
tion,  free  from  unwanted  noises  of  all 
types  and  with  a  restored  dynamic 
range  that  some  of  us  occasionally 
forget  is  lacking  in  our  recorded  and 
broadcasted  programs. 

CIRCLE  NO.  65  ON  READER  SERVICE  CARO 


JVC  AMERICA  MODEL  CD-1669  CASSETTE  DECK 


Smooth  transport  operation  and  automatic  noise  reduction . 


A  solenoid-con¬ 
trolled,  two-mo- 
tor  transport  and 
JVC  America's 
own  automatic 
noise  reduction  system  (ANRS)  are 
standard  features  in  the  company’s 
Model  CD-I  669  deluxe  cassette  deck. 
Light-touch  pushbutton  controls  op¬ 
erate  the  solenoids,  while  a  logic  sys¬ 
tem  makes  it  possible  to  manipulate 
the  controls  in  any  manner  without  the 
possibility  of  tape  damage  or  the 
necessity  of  stopping  tape  motion. 

The  deck  measures  16%"W  x 
12VW'D  x  55/a"H  (42.2  x  30.1  x  14.3 
cm)  and  weighs  18%  pounds  (8.5  kg). 
It  retails  for  $499.95. 


General  Description.  Separate 
toggle  switches  are  provided  for 
selecting  the  optimum  bias  and 
equalization  for  normal,  low- 
noise/high-output  (sh),  and  chromi¬ 
um-dioxide  (chrome)  tape  formula¬ 
tions.  Illuminated  legends  near  the 
switches  indicate  when  the  deck  is  in 
the  record  status,  the  circuits  are  set 
for  chrome  tape,  and  the  anrs  is 
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switched  on.  The  anrs  can  be  acti¬ 
vated  manually  by  operating  a  toggle 
switch.  It  can  also  be  activated  au¬ 
tomatically  by  a  piece  of  conducting 
foil  attached  to  the  rear  edge  of  the 
cassette. 

Two  large  illuminated  meters  pro¬ 
vide  monitoring  facilities  for  the  re¬ 
cording  and  playback  levels.  They  are 
located  electrically  ahead  of  the 
playback  level  controls.  A  peak  light 
between  the  meters  flashes  if  momen¬ 
tary  peaks  exceed  the  maximum  un¬ 
distorted  recording  level. 

The  cassette  cover,  with  cassette, 
pops  up  at  a  touch  of  the  eject  button. 
The  tape  index  counter  is  internally 
illuminated  by  a  lamp  that  flashes 
when  the  tape  is  in  motion.  A  three- 
position  memory  mode  switch  can  be 
set  to  stop  the  tape  during  rewind 
when  the  counter  returns  to  a  zero 
reading.  It  can  also  be  set  to  automati¬ 
cally  return  the  tape  to  play  at  that 
point.  In  any  mode,  the  transport  shuts 
down  when  the  tape  stops  for  any 
reason. 

A  switch  is  provided  for  transferring 
the  recording  inputs  between  the  line 
and  mic/din  sources.  Two  slide-type 
controls  with  detented  settings  permit 
the  recording  gain  and  playback  level 
to  be  set  as  desired. 

There  are  six  transport  control  but¬ 
tons.  Three  are  for  rewind,  play,  and 
fast  forward.  A  long  stop  button  sits 
in  front  of  these  three  buttons,  while 
the  record  button  is  located  some 
distance  away.  The  record  and  play 
buttons  must  be  depressed  simul¬ 


taneously  to  make  a  recording.  A 
novel  feature  of  this  deck  is  its  ability 
to  transfer  from  the  play  to  the  record 
mode  at  any  time  while  the  tape  is  play¬ 
ing  by  pressing  both  the  record  and 
play  buttons.  Finally,  the  pause  but¬ 
ton,  when  depressed,  instantly  stops 
tape  motion  without  interrupting  the 
recording  mode. 

On  the  rear  apron  are  the  line  inputs 
and  outputs,  a  DIN  connector,  and  a 
socket  for  the  remote-control  acces¬ 
sory  supplied  with  the  deck.  The  ac¬ 
cessory  duplicates  all  the  transport 
controls,  except  pause,  on  a  small  box 
that  measu res  5"  x  2"  x  1 W (12.7x5.1 
x  3.8  cm).  The  box  is  equipped  with  a 
16'  (4.9-m)  cable. 

An  insert  on  the  front  edge  of  the 
deck’s  walnut  base  contains  the 
headphone  jack  and  two  standard 
phone  jacks  for  the  mic  inputs.  The 
recess  is  covered  by  a  sliding  clear 
plastic  door  when  access  to  it  is  not 
required. 

Laboratory  Measurements.  The 

equalization  switch  on  the  deck 
changes  the  playback  response  to  the 
70-ps  characteristic  for  CrC>2  tapes. 
This  produced  a  playback  frequency 
response  within  ±2  dB  from  40  to 
10,000  Hz,  the  tape  limits,  with  the 
70-ps  Teac  1 16SP  test  tape.  Problems 
with  older  120-ps  tapes  prevented  us 
from  measuring  the  playback  re¬ 
sponse  with  ferric-oxide  tapes;  but  lis¬ 
tening  to  previously  recorded  tapes 
convinced  us  that  the  equalization 
was  accurate  for  both  cases. 
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In  the  recording  mode,  a  77-mV  line 
or  a  0.3-mV  mic  input  yielded  a  0-dB 
meter  indication.  The  corresponding 
playback  was  0.34  volt.  The  mic  inputs 
overloaded  at  35  mV.  The  record/ 
playback  performance  was  tested  with 
two  types  of  tape:  TDK  SD  using  both 
normal  and  sh  bias  and  equalization, 
and  TDK  KROM-O2  chromium-dioxide 
tapes. 

At  a  0-dB  recording  level,  the 
1000-Hz  playback  THD  was  about 
1.9%.  This  was  essentially  all  random 
hiss,  since  we  could  see  no  harmonic 
components  in  the  output  of  our  dis¬ 
tortion  analyzer.  The  reference  3% 
THD  was  reached  at  recording  inputs 
of  +5.5  dB  (TDK  SD/normal),  +5  dB 
(TDK  SD/sh),  and  +4  dB  (Cr02). 

The  unweighted  S/N  was  about  49 
dB.  It  improved  to  about  55  dB  with 
IEC  A  weighting  and  to  about  60  dB 
when  ANRS  was  used.  The  difference 
between  the  tapes  never  exceeded  1 
dB  in  these  measurements.  The  noise 
level  increased  by  only  3  dB,  an  un¬ 
usually  low  figure,  through  the  mic  in¬ 
puts  at  maximum  gain. 

The  overall  record/playback  fre¬ 
quency  response  at  a  -20-dB  record¬ 
ing  level  was  ±2  dB  from  26  to  16,000 
Hz  with  all  the  tapes  used.  (The  low- 
frequency  response  reached  23  Hz  at 
the  -2-dB  point  when  using  Cr02 
tape.)  There  were  slight  differences  in 
the  high-frequency  responses  of  the 
tapes,  however,  with  TDKSD/sh  giving 
the  flattest  overall  response,  TDK 
SD/normal  having  about  0.5  dB 
greater  output  between  10,000  and 
15,000  Hz,  and  the  CrC>2  output  slop¬ 
ing  slightly  downward  beyond  13,000 
Hz.  The  frequency  response,  meas¬ 
ured  at  a  0-dB  level,  revealed  the  early 
and  pronounced  drop  in  high- 
frequency  response  that  one  finds 
with  all  cassette  recorders  and  most 
open-reel  machines  due  to  tape  sat¬ 
uration.  As  would  be  expected  from 
the  improved  high-frequency  proper¬ 
ties  of  chrome  tape,  the  0-dB  high- 


frequency  output  with  Cr02  tape  was 
somewhat  better  than  it  was  with 
ferric-oxide  tape. 

The  unweighted  wow  and  flutter 
measured  0.05%  and  0.19%.  A  com¬ 
bined  record/playback  measurement 
yielded  slightly  lower  numbers  of 
0.03%  and  0.17%.  In  its  fast  speeds, 
the  transport  handled  a  C-60  cassette 
in  about  75  seconds.  The  recorder’s 
meters  responded  to  a  0.3-second 
tone  burst— a  standard  testforthe  bal¬ 
listic  response  of  a  VU  meter — with  an 
overshoot  of  about  10%.  A  200 
nanoweber/meter  Dolby-level  tape  in¬ 
dicated  between  +3  and  +4  d  B  on  the 
meters.  (The  +3-dB  point  corre¬ 
sponds  to  a  cal  mark  for  the  ANRS, 
which  is  claimed  to  be  compatible 
with  the  somewhat  similar  Dolby  sys¬ 
tem,) 

The  peak  light  flashed  at  +5  dB,  the 
approximate  input  that  produces  3% 
distortion  on  playback.  The  tracking 
of  the  ANRS,  the  change  in  overall 
record/playback  frequency  response 
when  the  ANRS  is  used ,  was  very  good 
at  -30-  and  -40-dB  levels,  with  typical 
differences  of  1  dB  or  less  below 
12,000  Hz.  At  -40  dB,  the  ANRS  intro¬ 
duced  a  gradual  rolloff  in  response 
beginning  at  about  1000  Hz.  Itreached 
2.5  dB  at  13,000  Hz. 

User  Comment.  The  electrical  and 
mechanical  performance  of  the  deck 
was  fully  up  to  the  standards  of  a  top- 
quality  cassette  recorder.  Programs 
taped  from  records  and  FM  broad¬ 
casts  have  a  fidelity  that  makes  it  al¬ 
most  impossible  to  tell  the  recording 
from  the  original.  Although  other 
decks  can  do  this,  few  can  match  the 
operating  ease  and  versatility  of  the 
JVC  deck. 

The  logic-and-solenoid  control  of 
the  transport  puts  one  in  mind  of  the 
finest  open-reel  recorders.  It  is  literally 
impossible  to  do  anything  wrong 
when  operating  the  controls.  The  con¬ 
trols  themselves  have  a  light  but  posi- 
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346  Ways 
To  Save  On 
Instruments, 
Burglar  Alarms, 
Automotive  & 
Hobby 
Electronics! 

The  more  you  know  about 
electronics,  the  more  you’ll 
appreciate  EICO.  We  have  a  wide 
range  of  products  for  you  to 
choose  from,  each  designed  to 
provide  you  with  the  most 
pleasure  and  quality  performance 
for  your  money.  The  fact  that 
more  than  3  million  EICO  products 
are  in  use  attests  to  their  quality 
and  performance. 

“Build-it-Yourself”  and  save 
up  to  50%  with  our  famous 
electronic  kits. 

For  latest  EICO  Catalog  on  Test 
Instruments,  Automotive  and  Hobby 
Electronics,  Eicocraft  Project  kits, 
Burglar-Fire  Alarm  Systems  and  name 
of  nearest  EICO  Distributor,  check  reader 
service  card  or  send  500  for  fast  first 
class  mail  service. 

EICO— 283  Malta  Street, 

Brooklyn,  N.Y.  11207 

Leadership  in  creative  electronics 
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tive  feel.  The  memory  mode  rewind  is  a 
great  convenience,  both  as  a  means  of 
returning  to  the  beginning  of  a  selec¬ 
tion  and  as  an  effortless  way  to  repeat 
any  given  selection. 

This  recorder  has  more  recording 
“headroom"  than  most  cassette 
decks.  One  can  record  with  the  meters 
regularly  reaching  the  0-dB  mark  or 
even  going  into  the  red  area  without 
serious  risk  of  overload  distortion.  Un¬ 
like  most  recorders,  this  deck  pro¬ 
duced  a  useful  volume  level  with 
200-ohm  headphones  as  well  as  with 
the  usual  8-  to  16-ohm  "standard” 
phones  to  which  other  recorders  are 
restricted. 

The  automatic  switching  of  the 
ANRS  with  a  suitably  prepared  cas¬ 
sette  is  an  excellent  idea,  and  it 


worked  to  perfection.  The  noise- 
red  uction  system  is  said  to  be  compat¬ 
ible  with  other  such  cassette  tape  sys¬ 
tems,  presumably  referring  to  the 
Dolby  system.  Although  the  two  sys¬ 
tems  are  not  entirely  identical  in  their 
characteristics,  it  appears  that  they 
are  sufficiently  alike  to  permit  a 
Dolby-encoded  tape  to  be  played 
through  the  JVC  deck  with  perfectly 
acceptable  results,  and  vice  versa. 
When  we  tried  changing  tapes  and 
decks,  both  systems  seemed  to  afford 
about  the  same  amount  of  noise  re¬ 
duction.  Neither  had  a  significant  ef¬ 
fect  on  overall  frequency  response. 

When  we  switched  tapes,  the  differ¬ 
ences  in  response  were  usually  no 
greater  than  one  would  expect  for  two 
machines  without  noise-reduction 


systems.  One  exception  to  this  was  the 
playing  of  prerecorded  Dolby- 
encoded  tapes  in  the  Advent  CR/70 
series,  which  sounded  a  trifle  dull  in 
their  highest  registers  through  the 
JVC  deck.  Even  so,  it  was  not  the  type 
of  change  that  would  have  been  de¬ 
tected  without  previous  familiarity 
with  the  sound  of  these  tapes  or  by  a 
comparison  to  playback  through  a 
Dolby  machine. 

By  and  large,  we  feel  that  the  deck 
can  do  just  about  everything  that  any 
other  two-head  cassette  machine  can. 
In  many  respects,  it  is  superior  to  most 
others.  This  performance,  plus 
superior  operating  "feel,”  excellent 
construction,  and  versatile  operating 
features,  easily  justify  the  price. 
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PIONEER  MODEL  SE-700  HI/FI  HEADPHONES 

New  "high-polymer"  material  provides  light  weight  and  uncolored  performance . 


jj«  .  Hi-fi  headphones 
have  traditionally 
been  either  elec¬ 
tromagnetic  or 
electrostatic  in 
design.  The  electromagnetic  phones 
resemble  miniature  loudspeakers. 
They  can  be  very  efficient  and  are  cap¬ 
able  of  delivering  a  high  acoustical 
output  with  very  low  distortion,  but 
their  frequency  response  is  as  irregu¬ 
lar  as  that  of  a  dynamic  loudspeaker. 
On  the  other  hand,  electrostatic 
phones  can  have  a  smooth  response 
over  a  wide  frequency  range,  but  their 
acoustical  output  is  limited  and  they 
require  dc  polarizing  and  high  signal 
voltages  for  proper  operation. 

Recently,  a  new  type  ot  headpnone 
that  combines  the  advantages  of  both 
types  of  phones  with  few  of  their  dis¬ 
advantages  has  been  developed.  It 
uses  a  specially  processed  plastic 
material,  known  as  a  "high  polymer” 
(HP),  that  has  piezoelectric  properties. 
60 


When  an  electric  field  is  applied 
across  the  thickness  of  a  sheet  of  this 
material,  the  length  or  width  changes. 
One  of  the  first  headphones  to  use  the 
HP  material  is  the  Model  SE-700 
stereophones  from  U.S.  Pioneer  Elec¬ 
tronics  Corp. 

The  13-ounce  (370-g)  headphones 
have  earcups  that  are  flat,  with  perfo¬ 
rated  back  surfaces,  and  surrounded 
by  soft  foam  ear  pads.  The  phones  are 
fitted  with  a  3-m  (about  10')  long 
straight — not  coiled — cord  that  is 
terminated  in  a  three-circuit  plug  for 
stereo  operation.  Although  the 
phones  are  not  completely  transpar¬ 
ent  to  outside  sounds,  they  do  not  ap¬ 
preciably  attenuate  room  noises. 

The  retail  price  of  the  Model  SE-400 
headphones  is  $79.95. 

General  Information.  The  Pioneer 
phones  use  a  bimorph  element  that 
consists  of  a  7-micron  (0.3-mil)  film 
of  polyvinyl  fluoride  sandwiched  be¬ 
tween  two  metal  electrodes.  The  whole 
is  formed  into  a  curved  surface  and  is 
clamped  at  the  edges.  When  an  audio 
signal  is  applied  across  the  elec¬ 
trodes,  the  element  flexes  and  pro¬ 
duces  an  acoustical  output.  The  HP 
elements  have  most  of  the  perform¬ 
ance  attributes  of  electrostatic  drivers 
and  some  unique  advantages  of  their 
own. 

An  HP  element  does  not  require  the 
high-level  signal  voltages  of  an  elec¬ 
trostatic  element.  It,  therefore,  does 
not  need  a  step-up  transformer.  Addi¬ 


tionally,  there  is  no  need  for  a  polariz¬ 
ing  voltage. 

The  Model  SE-700  phones  are  rated 
to  generate  a  100-dB  sound-pressure 
level  (SPL)  with  only  3  volts  applied  to 
their  elements.  The  elements  them¬ 
selves  are  capacitive  in  nature,  with  a 
value  of  about  0.1  pF.  They  can  with¬ 
stand  high  voltages  (more  than  30 
volts  rms)  without  sustaining  damage. 
As  is  the  case  with  an  electrostatic 
element,  the  entire  surface  of  an  HP 
element  is  driven  uniformly  and  is  free 
of  the  majority  of  the  spurious  reso¬ 
nances  common  to  dynamic  drivers. 
Unlike  electrostatic  (and  electret) 
phones,  whose  operation  depends  on 
surface  effects  and  can  be  affected  by 
humidity,  the  polarization  of  HP  ele¬ 
ments  is  within  the  plastic  material  it¬ 
self  and  is  permanent. 

The  phones  can  be  driven  from  any 
power-amplifier  speaker  or  head¬ 
phone  output  capable  of  developing 
several  volts.  Their  high  impedance, 
however,  makes  them  unsuitable  for 
use  with  tape  decks  or  other  compo¬ 
nents  designed  to  drive  only  low- 
impedance  phones. 

Laboratory  Measurements.  We 

tested  the  phones  on  a  Koss-type 
acoustic  coupler  (artificial  ear),  driv¬ 
ing  them  from  a  power  amplifier  at  a 
constant  3-volt  output.  The  resulting 
response  curve  was  one  of  the 
smoothest  we  have  ever  obtained  for  a 
headphone.  The  output  varied  by  only 
±3  dB  over  a  frequency  range  of  20  Hz 
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to  7500  Hz.  There  was  a  rise  in  output 
in  the  10,000-  to  12,000-Hz  range  that 
roughly  coincided  with  the  diaphragm 
resonance  of  our  microphone. 

We  did  not  attempt  to  apply  a  mi¬ 
crophone  correction  to  the  curve  be¬ 
cause  the  other  limitations  of  the 
headphone  coupler  measurements 
would  not  justify  it.  In  any  event,  the 
overall  response  of  20  to  17,000  Hz,  ±5 
dB  places  the  Model  SE-700  phones  in 
contention  for  top  honors  with  respect 
to  range  and  the  smoothness  of  per¬ 
formance  within  that  range. 


The  acoustic  output  over  most  of 
the  range  measured  approximately 
100  dB  SPL,  as  rated  by  Pioneer.  At 
1000  Hz  and  an  SPL  of  106  dB,  we 
measured  1%  distortion  in  the  acous¬ 
tical  output.  The  impedance  of  the 
phones  was  greater  than  50,000  ohms 
at  frequencies  below  150  Hz.  It  de¬ 
creased  smoothly  to  about  400  ohms 
at  20,000  Hz. 

User  Comment.  All  the  measure¬ 
ments  we  made  on  the  phones  indi¬ 
cated  that  they  should  compare  to  the 


best  electrostatic  phones  in  overall 
quality  and  freedom  from  coloration. 
Having  made  that  cqmparison,  our 
ears  agree  with  the  indications  given 
by  the  laboratory  instruments  we  used 
in  the  bench  tests.  Overall,  this  is  as 
smooth  and  uncoiored  a  headphone 
as  we  have  heard,  bested  slightly  in 
transparency  only  by  some  of  the  bet¬ 
ter  ES  phones.  In  addition,  it  is  one  of 
the  most  comfortable  to  wear  and  its 
light  weight  and  absence  of  a 
“closed-in”  feeling  imparted  by  most 
phones  with  tightly  sealed  earcups 
makes  it  almost  easy  to  forget  you  are 
wearing  the  phones. 

Further,  these  phones  can  play 
loud ,  without  distortion.  We  proved 
this,  since  no  amplifier  we  had  on 
hand,  including  a  couple  of  brutes 
rated  at  200  watts/channel,  could 
overload  them  to  the  point  of  audible 
distortion. 

Considering  all  the  positive  attri¬ 
butes  of  the  SE-700,  we  feel  they  are  a 
notable  bargain  at  the  price. 
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COURIER  “CRUISER”  MOBILE  AM  CB  TRANSCEIVER 

Automatic  delta  tuning  brings  in  off-frequency  signals . 


FULL  23rchannel  AM  opera¬ 
tion  is  provided  by  the  Courier 
"‘Cruiser”  mobile  CB  transceiver 
through  a  crystal-controlled  syn¬ 
thesizer  scheme.  The  transceiver  is 
designed  to  be  operated  from 
13.8-volt  dc,  positive-  or  negative- 
ground  electrical  systems.  It  has  a 
special  automatic  delta-tune  system 
that  brings  in  a  slightly  off-frequency 
signal  on  the  nose. 

Among  the  more  or  less  standard 
features  are  an  adjustable  squelch,  a 
noise  blanker/anl  system  that  can  be 
switched  in  and  out  as  needed, 
zener-diode  regulation,  line  filter, 
reverse-polarity  protection,  PA  opera¬ 
tion,  external-speaker  jacks,  and  a 
local/distance  (loc/dx)  switch.  The  in¬ 
dicators  include  an  on  the  air  light 
and  a  meter  that  indicates  both  rela¬ 


tive  signal  strength  and  relative  output 
power,  depending  on  the  mode  of  op¬ 
eration. 

The  transceiver  measures  a  com¬ 
pact  9"D  x  6"W  x  2"H  (22.9  X  15.4  x 
5.1  cm).  It  comes  with  mobile  mount¬ 
ing  bracket  and  hardware  and  a  de¬ 
tachable  push-to-talk  microphone 
with  attached  coiled  cord.  The  trans¬ 
ceiver  retails  for  $219.95.  An  optional 
accessory  power  supply,  Model 
PS20A,  for  using  the  rig  as  a  base  sta¬ 
tion  is  available  for  $34.95. 

The  Receiver.  A  dual-gate  MOSFET 
r-f  amplifier,  protected  by  shunt 
diodes  at  the  input,  serves  as  the 
receiver’s  front  end.  This  plus  double 
conversion  (to  a  10.635-  to  10.595- 
MHz  first  i-f  and  a  455-kHz  second 
i-f)  provided  a  measured  0.35-pV 


sensitivity  for  10  dB  (S  +  N)/N  mod¬ 
ulated  30%  by  a  1000-Hz  tone.  The 
primary-image  and  i-f  signal  rejection 
measured  an  excellent  70  dB.  Need¬ 
less  to  say,  the  receiver’s  sensitivity  is 
better  than  is  usual  for  CB  rigs. 

Signal  strengths  of  100  pV  (40  dB 
above  1  pV)  or  more  in  or  near  the  CB 
range  tended  to  introduce  spurjous 
signals.  Otherwise,  the  rejection  of 
other  spurious  signals  measured  50 
dB. 

Mechanical  and  ceramic  filters  pro¬ 
vide  the  selectivity  at  the  455-kHz  i-f. 
This  scheme  provided  good  voice  in¬ 
telligibility,  with  an  overall  audio  re¬ 
sponse  of  375  to  2400  Hz  at  the  -6-dB 
points.  The  adjacent-channel  selectiv¬ 
ity  at  the  i-f  itself  was  60  dB.  However, 
due  to  desensitization  by  an  adjacent 
signal  in  practice,  the  60-dB figure  can 
be  derated  to  50to  55  dB.  Even  so, this 
is  still  better  than  the  standard 
minimum. 

Applied  to  the  r-f  amplifier,  mixer, 
and  first  i-f  stages,  the  age  maintained 
the  audio  output  to  within  12  dB  with 
an  r-f  input  signal  variation  of  80  dB  at 
1  to  10,000  |iV.  Some  6  dB  of  this 
change  occurred  with  the  first  20  dB 
r-f  change  at  1  to  10  pV,  which  is 
somewhat  better  than  par  for  this  end 
of  the  range. 
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The  S  meter  was  quite  conservative 
in  its  indication.  It  required  a  3000-pV 
input  signal  to  register  an  S9.  Signals 
of  100  pV  registered  only  S5.  The 
squelch  threshold  range  was  0.25  to 
500  mV. 

The  audio  section  of  the  receiver 
consists  of  a  series  gate  (that  is 
switched  on  or  off  simultaneously  with 
the  r-f  noise  blanker)  and  two  amplifier 
stages  that  are  followed  by  the  cus¬ 
tomary  push-pull  (class-B)  power 
stage.  This  setup  was  capable  of  de¬ 
veloping  somewhat  more  output  than 
usual,  measuring  4.5  watts  at  6%  dis¬ 
tortion  with  1000-Hz  signals  into  an 
8-ohm  load. 

Frequency  Synthesizer.  Six  crys¬ 
tals  in  the  37.600-  to  37.850-MHz  range 
produce  the  first  i-f  and  four  crystals  in 
the  10.180-  to  10.140-MHz  range 
create  the  second  i-f  for  receiving  in 
the  conventional  frequency  synthesis 
system. 

The  automatic  delta  tune  (adt)  sys¬ 
tem  is  like  the  automatic  frequency 
control  (afc)  schemes  used  in  FM  re¬ 
ceivers.  It  operates  at  the  455-kHz  i-f 
and  consists  of  a  limiter,  ceramic  dis¬ 
criminator,  dc  amplifiers,  and  a 
variable-capacitance  diode  to  correct 
the  frequency  of  the  10.160-MHz 
crystals  in  the  direction  that  maintains 
an  exact  455-kHz  i-f  signal,  its  range  is 
about  ±1300  Hz. 

The  Transmitter.  On  transmit,  one 
of  four  crystal  frequencies  in  the 
10.635-  to  10.595-MHz  range  is  mixed 


with  one  of  the  signals  in  the  37.6-MHz 
range  at  the  synthesizer  to  produce 
the  transmitter  carrier.  The  carrier 
goes  through  a  spurious-response  fil¬ 
ter  and  on  to  two  r-f  driver  and  the 
power  amplifier  stages.  The  output  of 
the  power  amplifier  is  a  triple-pi  net¬ 
work  that  matches  to  a  nominal 
50-ohm  load.  Included  here  are  two 
TVI  traps,  one  of  which  is  fixed  at  81 
MHz  to  attenuate  the  third  harmonic, 
while  the  other  is  adjustable  around  54 
MHz  for  reducing  the  second  har¬ 
monic.  Harmonic  radiation  can  there¬ 
fore  be  well  below  FCC  requirements. 

The  driver  and  power  amplifier  are 
conventionally  modulated  by  the 
receiver’s  output  section.  (A  speech 
amplifier  is  switched  in  automatically.) 
Automatic  modulation  control,  or 
amc,  is  provided,  using  a  compression 
system.  Electronic  switching  is  used 
for  transmit/receive  transfer. 

The  carrier  power  measured  4  watts. 
With  a  1 000-Hz  test  tone,  compression 
started  at  about  90%  modulation,  with 
5%  distortion.  The  distortion  rose  to 
10%  with  6  dB  of  compression.  How¬ 
ever,  time  constants  of  the  amc  are 
such  that  during  dynamic  operation 
with  voice,  peaks  can  go  to  a  full  1 00% 
modulation  with  a  well  filled  r-f  en¬ 
velope  for  a  good  signal  punch,  while 
holding  adjacent-channel  splatter 
down  to  better  than  55  dB. 

The  transceiver  draws  1.1  to  1.6  am¬ 
peres  on  transmit,  while  on  receive, 
the  drain  is  350  mA. 

User  Comment.  From  an  opera- 


HEATHKIT  MODEL  10-4510  DUAL-TRACE 
TRIGGERED-SWEEP  OSCILLOSCOPE 

Digitally  controlled  time  base  gives  stable  sweep  trigger 
to  I5-MHz  bandwidth  scope . 


THE  oscilloscope  is  perhaps 
the  most  useful  of  ail  electronic 
test  instruments.  It  lets  you  see  what  a 
waveform  looks  like  as  well  as  meas¬ 
ure  the  waveform’s  amplitude  and 
period  (assuming  it  has  been  properly 
calibrated)— all  without  the  need  for 
other  instruments. 
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The  evolution  of  the  oscilloscope 
over  the  past  few  years  has  been  rapid , 
due  to  the  development  of  new  and 
better  components.  While  older  ca- 
pacitively  coupled  (ac)  scopes  were 
often  limited  to  a  bandwidth  of  little 
more  than  the  audio  range,  the  new 
generation  of  direct-coupled  (dc) 
scopes  features  vertical  amplifiers 
that  can  respond  to  inputs  ranging 
from  dc  to  may  megahertz.  Many  of 
the  new  scopes  have  true  triggered- 
sweep  systems  that  provide  maximum 
trace  stability.  Some  even  have  inde¬ 
pendent  vertical  sections  that  provide 
dual-trace  operation. 

The  constant  improvement  in  oscil¬ 
loscopes  has  resulted  in  some  excel¬ 
lent  instruments  for  the  service  and 


tional  point  of  view,  where  difficulties 
might  crop  up  with  a  strong  local 
signal,  pulling  out  the  squelch  control 
knob  conveniently  engages  the  loc 
position  of  the  loc/dx  switch.  This  re¬ 
duces  the  receiver’s  gain  by  about  20 
dB  for  coping  with  the  situation.  With 
the  knob  pushed  in,  the  receiver  oper¬ 
ates  at  maximum  sensitivity. 

Although  a  delta-tune  facility  is  not  a 
real  necessity  on  AM,  the  adt  in  this  rig 
eliminates  the  need  for  manipulating  a 
variable  control.  The  user  simply 
pushes  a  button  to  place  the  adt  into 
operation  for  automatic  frequency 
correction,  indicated  by  a  mid-scale 
pointer  swing  of  a  separate  meter. 
When  the  ADT  is  disengaged,  off- 
frequency  signals  cause  the  meter’s 
pointer  to  swing  to  one  side  of 
center-scale. 

The  two  meter  movements  are  very 
small  edgewise  units,  which  can  make 
reading  them  quite  difficult  in  some 
installations.  The  knob  for  the  channel 
selector  is  also  quite  small  and  re¬ 
quires  quite  a  bit  of  finger  pressure  to 
rotate  it.  The  pa,  nb  (noise  blanker), 
and  adt  systems  are  very  easy  to 
switch  in  and  out  as  desired  via  a  trio 
of  pushbuttons  on  the  front  panel. 

From  the  point  of  view  of  perform¬ 
ance,  the  Cruiser  stacks  up  well 
against  larger  base-station  rigs  with 
its  good  sensitivity  and  selectivity,  fine 
audio  quality,  highly  effective  noise 
silencing,  and  a  fully  modulated  signal 
that  can  be  maintained  without  ad¬ 
verse  splatter. 
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experimenter  benches.  An  excellent 
example  of  an  up-to-the-minute  serv¬ 
ice  instrument  is  the  Heathkit  Model 
10-4510  triggered-sweep,  dual-trace 
oscilloscope  that  sells  for  $549.95  in 
kit  form.  (This  scope  is  also  available 
assembled  as  the  Model  SO-4510  for 
$750.)  The  published  specifications 
are  impressive,  such  asadcto  15-MHz 
vertical  bandwidth  and  45-MHz  trig¬ 
gering  bandwidth. 

The  Model  10-4510  does  not  have 
the  bulky  "box”  look  so  long  as¬ 
sociated  with  oscilloscopes.  Instead, 
it  is  housed  in  a  low-profile  case  that 
measures  21VZ"D  x  13"W  x  7"H  (54.6  x 
33  x  17.8  cm).  The  cabinet  has  a  large 
adjustable  carrying  handle  that  dou¬ 
bles  as  a  tilt  stand. 

General  Information.  The  trig¬ 
gered  sweep  switch  has  20  positions, 
spanning  a  range  of  100  ns/cm  to  0.2 
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s/cm.  A  separate  control  permits  con¬ 
tinuous  adjustments  on  any  given 
range  of  the  switch.  A  5x  magnifier 
permits  close  examination  of  the  dis¬ 
played  waveform  at  any  point  in  the 
sweep. 

Unlike  some  triggered-sweep 
scopes,  the  Heath  instrumentdoes  not 
have  the  usual  touchy  sweep  trigger 
stability  adjustments  and  controls.  A 
novel,  digitally  controlled  time  base 
provides  rock-steady  automatic  trig¬ 
gering.  Instead  of  the  trace  disappear¬ 
ing  from  the  CRT  screen  when  the 
trigger  signal  is  absent,  this  new  ap¬ 
proach  produces  a  constant  base  line 
to  indicate  that  the  system  is  working 
and  that  all  controls  are  properly  set. 
As  soon  as  the  channel  input  probe  is 
connected  to  a  signal  source,  the  base 
line  disappears  and  the  signal’s 
waveform  is  displayed. 

Another  nice  touch  is  the  location  of 
the  delay  line.  It  is  wired  between  the 
signal  that  triggers  the  sweep  and  the 
vertical  amplifiers.  This  enables  you  to 
see  at  least  20  ns  of  the  waveform  be¬ 
fore  the  trigger  point.  Hence,  with  this 
setup  you  can  see  all  of  the  waveform. 

In  the  auto-trigger  mode,  the  trigger 
is  initiated  at  zero  crossing,  although 
a  couple  of  controls  are  provided  to 
allow  the  time  base  to  be  triggered  at 
any  desired  positive  or  negative  point 
on  the  input  wave  form.  It  is  this  au¬ 
tomatic  sweep  triggering  that  makes 
the  Heath  scope  easier  to  use  than 
conventional  triggered-sweep  in¬ 
struments. 

The  scope  employs  a  rectangular 
10  x  6-cm  post-deflection-accelera¬ 
tion  CRT  that  produces  a  bright,  sharp 
trace  display.  The  engraved  graticule 
on  the  CRT  screen  has  a  brightness 
control  that  makes  it  easy  to  set  the 
graticule’s  visibility. 

Assembly  and  Performance.  The 

kit  went  together  in  about  35  hours  of 
assembly  time.  Almost  all  of  the  elec¬ 
tronic  components  that  make  up  the 
scope  mount  on  printed  circuit 
boards,  of  which  there  are  separate 
assemblies  for  each  function  in  the  in¬ 
strument.  The  boards  interconnect 
with  each  other  and  mount  in  the 
mainframe  by  way  of  heavy-duty  plug 
connectors  and  factory-prepared  wir¬ 
ing  harnesses. 

After  assembling  and  checking  out 
the  scope  according  to  the  step-by- 
step  instructions  given  in  the  manual 
that  accompanied  the  instrument,  we 
performed  a  few  tests  with  the  aid  of 
our  laboratory-grade  1-Hz  to  1-MHz 
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square-wave  generator  and  a  stan¬ 
dard  r-f  signal  generator/frequency 
counter. 

The  scope’s  rise  time  measured 
considerably  better  than  the  24-ns  fig¬ 
ure  specified  by  Heath.  The  tunnel- 
diode  output  from  our  square-wave 
generator,  with  its  extremely  fast  rise 
time,  produced  a  clean  wavefront, 
with  a  complete  absence  of  ringing 
and  other  visible  distortion  products. 
The  control  of  each  of  the  two  traces 
was  complete.  There  was  no  interac¬ 
tion  between  the  two  channels,  other 
than  a  slight  dimming  of  the  beam  in¬ 
tensity  when  we  switched  in  both 
traces.  We  merely  turned  up  the 
scope’s  intensity  control  to  compen¬ 
sate  for  the  loss  of  brightness. 

We  used  our  r-f  generator  and  fre¬ 
quency  counter  to  run  some  band¬ 
width  tests.  The  scope  responded  to 
30  MHz  before  the  amplitude  of  the 
displayed  waveform  became  too  low 
to  be  of  much  use  in  tests.  With  the 
scope’s  vertical  gain  controlturned  up 
to  maximum,  there  was  still  a  wave¬ 
form  displayed  (admittedly,  very  low  in 
amplitude)  to  about  65  MHz  of  input 
signal.  We  ran  this  test  for  the  purpose 
of  determining  at  what  point  the 
scope’s  triggered  sweep  system 
would  become  unstable  and  lose 
sync.  To  our  surprise,  the  instrument 
remained  in  sync  at  65  MHz,  which  is 
well  beyond  the  45-MHz  figure  stated 
in  the  published  specs.  Even  switch¬ 
ing  between  positive-  and  negative- 
transition  triggering  did  not  upset  the 
synchronization. 

The  vertical  amplifiers  responded  to 
signals  down  to  1  mV  in  amplitude. 
This,  plusthe  results  of  our  bandwidth 
and  stability  tests,  was  most  impres¬ 
sive  for  an  oscilloscope  in  its  price 
range. 

Comment.  It  is  a  fundamental  en¬ 
gineering  maxim  that  the  test  equip¬ 
ment  you  use  must  be  at  least  one 
order  of  magnitude  better  than  the  de¬ 
vice  or  equipment  being  tested.  In  this 
era  of  ultra-fast  digital  electronic 
equipment  and  broadband  audio 
gear,  this  places  heavy  demands  on  an 
oscilloscope.  Equally  important,  a 
scope  bought  now  should  be  usable 
even  with  the  next  generation  of  de¬ 
velopments  in  electronics. 

The  Heathkit  Model  10-4510  oscil¬ 
loscope  will  easily  handle  most  jobs  in 
modern  electronics.  It  will  undoubt¬ 
edly  not  be  obsoleted  for  a  long  time 
to  come. 
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announcement 
from 

Phase  Linear: 


Just  between  you  and  us,  the  new  Phase 
Linear  2000  preamptifier  is  one  of  the  quietest 
preamps  ever  made ...  so  quiet  it  can  match 
the  performance  of  preamplifiers  selling  at 
twice  the  price, 

The  latest  generation  of  integrated  circuits 
reduces  total  harmonic  distortion  to  0. 1  %, 
typically  .03%,  and  gives  you  a  signal-to-noise 
ratio  of  74dB  below  1 0mV.  That’s  quiet! 

A  highly  advanced  integrated  circuit 
phono  preamplifier  creates  the  sonic 
excellence  you  have  come  to  expect  from 
Phase  Linear, 

A  variable  ambience  injection  circuit  gives 
you  more  of  the  music  -  allows  for  the 
recovery  of  music  lost  with  most  preamplifiers. 

Other  features: 

Individual  detented  bass  and  treble  controls 
with  a  professional  feel  in  each  channel. 
Turnover  points  at  50Hz,  1 50Hz,  2kHz,  and 
5kHz,  where  up  to  1 2dB  of  boost  or  cut  may 
be  applied  ,  T  a  switch  able  low  frequency 
active  equalizer  for  up  to  6dB  boost  below 
50Hz  for  a  flatter  bass  response , , .  two 
complete  tape  circuits  for  easy  control  and 
tape-to-tape  dubbing  ...  a  comfortable  size 
that  complements  other  Phase  Linear 
products:  5H"x1 9''x6" . . ,  and  an 
outstanding  value  at  $299.00, 


Visit  your  dealer  and  quietly  ask  for  a 
demonstration. 


2000 

THE  POWERFUL  DIFFERENCE 
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1  Solid  State 


By  Lou  Garner 


MANY  USES  FOR  FLASHER/OSCILLATOR 


WHILE  most  solid-state  devices,  except  for  high¬ 
ly  specialized  memories  and  custom  IC’s,  are  suita¬ 
ble  for  use  in  a  variety  of  projects,  semiconductor  manufac¬ 
turers  occasionally  introduce  new  units  so  versatile  that 
they  have  as  many  potential  applications  as  the  proverbial 
mongrel  dog  has  fleas.  The  ubiquitous  741  op  amp  is  one 
example;  the  popular  555  timer  and  the  CA3062  photo  de¬ 
tector  and  power  amplifier  are  others. 

The  latest  member  of  this  relatively  exclusive  club  of 
“super-versatile’4  devices  is  the  LM3909  LED  flasher/ 
oscillator,  recently  introduced  by  the  National  Semicon¬ 
ductor  Corporation  (2900  Semiconductor  Drive,  Santa 
Clara,  CA  95051). 

Comprising  one  pnp  double  collector  and  three  npn 
transistors,  azener  diode  and  nine  resistors  on  a  monolithic 
chip,  as  illustrated  schematically  in  Fig.  1A,  the  LM3909  is 
packaged  in  an  8-lead  plastic  mini-DIP.  Lead  terminal  con¬ 
nections  are  identified  in  Fig.  IB.  With  a  maximum  power 
dissipation  rating  of  500  mW,  the  device  is  specified  for  an 
operational  temperature  range  of  -25°C  to  +70°C.  Its  max- 

Typical  1.5V  Flasher 


B  C  ~ 

Fig .  1.  Internal  schematic  of  the  LM  3909  (A), 
lead  connection  (B),  basic  flasher  circuit  (C). 
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imum  supply  voltage  rating,  established  by  the  internal 
zener,  is  6.4  volts.  Although  the  device  will  operate  on 
voltages  as  low  as  1 .0  volt,  with  a  power  drain  of  only  a  few 
hundred  microwatts,  it  is  capable  of  delivering  current 
pulses  of  as  much  as  200  mA,  thus  providing  sufficient  drive 
for  a  load  such  as  an  8-ohm  PM  loudspeaker. 

Unique  among  pulse-generating  IC’s,  the  LM3909  can 
deliver  an  ouput  pulse  with  an  amplitude  higher  than  thedc 
source  voltage.  Thus  it  can  drive  LED’s  when  powered  by  a 
dc  supply  of  as  little  as  1  volt,  even  though  1.6  volts  is 
required,  normally,  to  energize  the  diode.  This  action  is 
achieved  by  discharging  the  external  timing  capacitor 
through  the  LED  in  series  with  the  source  voltage,  boosting 
the  voltage  applied  to  the  diode.  In  practice,  this  capability, 
coupled  with  the  LM3909’s  extremely  high  efficiency, 
makes  it  feasible  to  assemble  a  LED  flasher  circuit  that  will 
operate  for  more  than  a  year,  24  hours  a  day,  on  a  size  D 
flashlight  cell.  In  some  cases,  in  fact,  a  cell’s  operating  life 
in  a  flasher  circuit  may  actually  exceed  its  nominal  shelf  life! 

With  internal  timing  and  LED  current  limiting  resistors, 
the  LM3909  requires  only  three  external  components  for 
operation  as  a  flasher — a  LED,  a  timing  capacitor,  and  a  dc 
power  source,  as  shown  in  Fig.  1C.  Generally,  the  timing 
capacitor  will  be  an  electrolytic  type,  with  a  3-volt  rating 
suitable  for  LED  flashers  operating  on  dc  supplies  of  6  volts 
maximum.  With  the  values  specified  on  the  diagram,  the 
circuit’s  nominal  flashing  rate  is  1  Hz,  but  its  actual  rate  will 
depend  on  the  capacitor’s  true  value,  taking  tolerances  into 
account.  (Most  small  electrolytics  have  a  rather  broad 
capacitance  tolerance  range,  typically  from  -20%  to 
+  100%.)  The  circuit’s  average  current  drain  ranges  from  a 
little  over  0.6  mA  with  a  new  cell  to  less  than  0.3  mA  as  the 
battery  nears  the  end  of  its  useful  life.  If  an  alkaline  cell  is 
used,  it  should  have  a  useful  life  of  over  two  and  a  half  years, 
assuming  that  the  flasher  operates  continuously. 

With  its  extremely  long  battery  life,  the  basic  LED  flasher 
circuit  is  ideal  for  use  in  boat  mooring  floats  and  rural  lane 
markers,  as  well  as  in  sales  and  advertising  displays.  It  also 
makes  a  good  night  location  marker  for  emergency  equip¬ 
ment  and  controls,  such  as  fire  extinguishers  and  hoses, 
fire  axes,  special  lighting  gear,  first-aid  cabinets,  fuse 
boxes,  switches,  locks,  and  control  valves.  Other  potential 
applications  include  toy  trucks  and  cars,  children’s  vehi¬ 
cles,  model  trains,  R/C  model  planes  and  boats,  games, 
advertising  novelties,  and  dress  accessories  and  jewelry. 

Other  LED  flasher  circuits  for  the  LM3909  are  shown  in 
Fig,  2.  All  of  these  use  readily  available  components  and 
can  be  breadboarded  for  experimental  tests,  or  assembled 
on  perforated  or  pc  board.  Except  where  noted,  the  resis¬ 
tors  are  rated  for  Va  or  %  watt;  the  capacitors  are  electroly¬ 
tics;  and  the  LED’s  are  conventional  devices. 
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(D)  multiple  flasher.  D  NqU:  Nomin.l  tl«h  rm:  1.3Hi.Awr>9.lOTAlN  =  2mA 

The  fast  blinker  circuit  in  Fig.  2A  has  a  nominal  flashing 
rate  of  2.6  Hz  and  an  average  current  drain  of  1 .2  mA.  It  is 
useful  in  conjunction  with  the  basic  slow-speed  flasher  to 
provide  additional  identification.  In  an  apartment,  office,  or 
home,  for  example,  the  standard  1-Hz  flasher  could  be  used 
as  a  marker/locator  for  fire  fighting  and  emergency  lighting 
equipment,  while  the  fast  blinker  might  be  used  to  identify 
controls,  switches  and  locks.  With  the  higher  flashing  rate, 
battery  life  is  correspondingly  shorter,  but  it  still  can  be 
several  months  to  over  a  year. 

A  variable  flasher  circuit  is  shown  in  Fig.  2B.  With  a 
flashing  rate  of  0  to  20  Hz,  depending  on  the  adjustment  of  a 
2500-ohm  potentiometer,  this  circuit  can  be  used  for  ex¬ 
perimental  tests  and  in  games,  toys,  and  advertising  dis¬ 
plays.  It  should  be  of  value,  too,  in  psychological  experi¬ 
ments  and  response  time  tests.  If  the  rate  control  is  cali¬ 
brated,  the  design  could  be  used  for  a  simple  photographic 
darkroom  timer. 

Designed  to  flash  two  LED's  alternately,  the  double¬ 
action  flasher  circuit  in  Fig.  2C  requires  a  somewhat  higher 
source  voltage  and  operates  at  (approximately)  a  2.5-Hz 
rate.  Capacitor  C2  determines  the  flashing  speed.  In  opera¬ 
tion,  one  LED  is  energized  as  C2  charges,  the  second  as  C2 
discharges.  This  circuit  can  be  used  with  individual  LED’s 
or  with  dual-element  devices,  such  as  the  MV5491.  If  a 
red/green  flasher  is  desired,  the  green  LED's  anode  should 
be  connected  towards  pin  5,  since  a  higher  voltage  pulse  is 
available  in  this  direction. 

Four  LED’s  are  flashed  simultaneously  by  the  multiple 
flasher  circuit  in  Fig.  2D.  With  an  average  current  drain  of 
only  2.0  mA  and  a  nominal  flashing  rate  of  1 .3  Hz,  this  circuit 
can  be  used  where  a  special  identification  pattern  is 
needed,  such  as  a  bar,  square  or  arrow.  It  should  be  useful, 
too,  in  toys  and  models.  With  a  model  plane,  for  example, 
the  four  LED’s  could  be  located  on  the  nose,  tail  and  two 
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wing  tips.  Other  applications  include  advertising  displays 
and  games. 

Although  the  LM3909  is  designed  specifically  for  useas  a 
low-voltage  LED  flashing  device,  its  versatility  is  such  that  it 
can  be  used  in  a  variety  of  other  circuits.  Some  additional 
applications  are  illustrated  in  Fig.  3. 

The  high-voltage  flasher  circuit  in  Fig.  3A  can  be  used  as 
an  alternative  to  a  neon  warning  lamp  for  dc  power  sup¬ 
plies.  It  is  particularly  valuable  for  remote  indicator  applica¬ 
tions  because  the  IC  limits  the  maximum  voltageon  the  LED 
to  less  than  7  volts  above  ground.  In  operation,  the  timing 
capacitor  is  charged  through  the  43,000-ohm  series  resis¬ 
tor,  pin  2,  and  the  IC’s  internal  resistors,  then  discharged 
periodically  through  the  LED  when  pin  2  is  shunted  to 
ground  internally.  With  the  component  values  specified, 
the  nominal  flashing  rate  is  1.7  Hz  and  the  circuit  will  work 
satisfactorily  with  a  dc  source  voltage  of  85  to  200  volts. 

Interestingly,  the  surprising  LM3909  may  be  used  to  flash 
incandescent  bulbs  as  well  as  LED’s.  A  basic  incandescent 
lamp  flasher  is  shown  in  Fig.  3B.  Here,  a  type  #47  bulb  is 
used  in  conjunction  with  a  6-volt  dc  power  source,  such  as 
fou  r  series-connected  flash  light  cel  Is.  The  circuit’s  nominal 
flashing  rate  with  a  400-pF  timing  capacitor  is  1.5  Hz. 

One  of  a  number  of  possible  nonfiasher  applications  for 
the  LM3909  is  illustrated  in  Fig.  3C,  a  1-kHz  square-wave 
oscillator.  This  circuit  can  be  used  in  test  equipment  de¬ 
signs  and  as  a  clock  source  for  digital  timers,  calculators, 
or  control  circuits.  In  operation,  the  circuit  delivers  a 
positive-going  pulse  with  a  peak-to-peak  amplitude  of 
slightly  more  than  1  volt.  A  10,000-ohm  potentiometer 
serves  as  the  output  signal’s  symmetry  control. 

A  useful  “buzz  box”  continuity  and  coil  checker  circuit  is 


given  in  Fig.  3D.  Here,  the  LM3909  is  used  as  an  audio¬ 
frequency  oscillator  to  drive  a  small  PM  loudspeaker.  With 
practice,  an  operator  can  distinguish  the  differences  be- 
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tween  shorts,  coils,  and  a  few  ohms  of  resistance  by  the 
quality  of  the  sound  obtained  from  the  loudspeaker.  This 
design  could  be  assembled  conveniently  in  a  small  plastic 
case  or  metal  box  for  use  as  either  a  portable  or  bench  test 
instrument. 

Would  you  believe  a  flashlight  that  identifies  itself  in  the 
dark?  Such  an  intelligent  device  can  be  assembled  using 
the  LM3909.  The  basic  circuit  and  light  assembly  is  illus¬ 
trated  in  Figs.  4A  and  4B.  A  conventional  two-cell  flashlight 
may  be  used  as  the  base  for  project  construction,  with  the 
LM3909,  200-|iF  timing  capacitor,  and  LED  installed  in  a 
translucent  plastic  cap  attached  to  the  back  end  of  the  case. 
Only  one  insulated  contact  strip  in  addition  to  the  case 
connection  is  needed  for  flasher  power  since  circuit  cur¬ 
rent  is  drawn  through  the  relatively  low  resistance  (gener¬ 
ally  less  than  2  oh  ms)  of  the  flash  light  bulb.  The  LED  flasher 
operates  continuously,  of  course,  but  the  battery  life  is 
essentially  unchanged  due  to  the  circuit’s  low  current 
drain.  If  a  single-cell  flashlight  is  used,  pins  1  and  8  of  the 
LM3909  should  be  shorted  together. 

An  emergency  lantern/flasher  application  for  the  LM3909 
is  given  in  Fig.  4C.  The  1C  drives  an  external  transistor 
which,  in  turn,  supplies  current  to  a  heavy-duty  PR13  in¬ 
candescent  lamp  bulb.  With  the  component  values  indi¬ 
cated  on  the  diagram,  the  nominal  flashing  rate  is  1.5  Hz. 
Separate  switches  permit  the  user  to  select  either  flasher  or 
lantern  type  operation.  Operating  power  is  supplied  by  a 
conventional  6-volt  lantern  battery.  If  desired,  the  flashing 
feature  may  be  added  to  a  standard  6-volt  lantern,  for,  as  a 
general  rule,  there  is  adequate  free  space  within  the  typical 
lantern’s  case  for  circuit  components. 

The  applications  discussed  above  and  illustrated  in  Figs. 
1 , 2, 3,  and  4  are  but  a  sampling  of  the  many  ways  in  which 
the  versatile  LM3909  can  be  used  in  practical  circuits. 
Space  permitting,  I’ll  present  additional  circuits  in  future 
columns.  One  further  hint — sometimes  a  flasher  circuit  will 
fail  to  operate  due  to  a  LED  defect  that  is  not  apparent 
because  it  reduces  the  device’s  light  output  by  only  10%  or 
so.  These  LED’s  can  be  identified  by  a  substantial  increase 
in  their  current  conduction  between  0.9  and  1.2  volts.  If  you 
assemble  an  LM3909  LED  flasher  circuit,  then,  and  it 
doesn't  work,  check  the  LED — you  may  have  to  get  the  LED 
out! 

Reader’s  Circuit.  One  of  our  friends  north  of  the  border, 
Martin  Jansen  (991  Fleet  Ave.,  Winnipeg,  Manitoba,  Canada 
R3M  1K5),  submitted  the  interesting  electronic  "coin  flip¬ 
per”  circuit  illustrated  in  Fig.  5.  Featuring  a  pair  of  popular 
IC's,  the  design  may  be  used  for  assembling  an  executive 
decision  maker  (YES/NO)  or  as  the  basis  for  an  electronic 
version  of  such  games  as  "put  and  take”  or  "heads  and 
tails.”  Standard,  readily  available  components  are  used 
throughout,  and  the  circuit  can  be  assembled  quite  easily  in 


a  small  pocket-sized  plastic  or  metal  case  for  convenient 
use  at  appropriate  times. 

In  operation,  a  pulse  generator,  IC1,  serves  to  drive  a  JK 
flip-flop,  IC2,  when  control  switch  S2  is  closed.  The  flip- 
flop,  in  turn,  alternately  energizes  a  pair  of  light-emitting- 
diodes,  LED1  and  LED2 .  The  pu|se  rate,  determined  by 
timing  capacitor  Cl,  is  faster  than  the  eye  can  follow,  so  that 
it  is  impossible  to  tell  which  LED  is  on  at  any  given  moment. 
When  S2  is  opened,  one  or  the  other  of  the  two  LED’s  will 
remain  lit,  the  other  dark,  the  selection  essentially  a  random 
choice  depending  on  the  precise  instant  that  S2  is  released. 
One  of  the  LED’s  is  used  to  represent  YES,  HEADS,  PUT  or  a 
similar  word,  while  the  other  represents  the  corresponding 
opposite  expression,  such  as  NO,  TAILS,  or  TAKE.  Thus,  the 
instrument  provides  the  user  a  random  choice  of  two  alter¬ 
native  decisions. 

Except  for  trimmer  potentiometer  R3,  all  the  resistors  are 
%  or  Vi  watt,  while  Cl  is  a  small  low-voltage  ceramic  or 
tubular  paper  capacitor.  Almost  any  standard  LED’s  may  be 
used  for  the  output  indicators,  LED1  and  LED2,  with  R4's 
and  R5's  values  chosen  to  limit  their  "on”  current  within 
specified  maximum  ratings. 

Martin  writes  that  he  assembled  his  original  model  on  a 
piece  of  Veroboard,  mounting  the  assembly  in  an  empty 
metal  spice  box,  which  he  painted  with  model  paints.  How¬ 
ever,  with  neither  layout  nor  lead  dress  critical,  the  circuit 
might  be  wired  on  perf  board,  on  a  suitable  pc  board,  or 
even  point-to-point,  if  sockets  are  provided  for  the  IC’s. 


Fig.  5.  Reader's  electronic  coin-flipper  circuit. 

When  the  wiring  is  completed  and  checked  for  errors,  the 
circuit  should  be  switched  "on”  and  R3  adjusted  to  set 
/C2's  voltage  (between  pins  4  and  11)  to  5.0  volts.  After¬ 
wards,  the  completed  unit  may  be  used  as  is  or  mounted  in 
an  appropriate  metal  or  plastic  case,  as  preferred. 

Device/Product  News.  RCA’s  Solid  State  Division  (Box 
3200,  Somerville,  NJ  08876)  has  announced  a  number  of 
new  power  transistors  which  should  spark  the  creative 
juices  of  imaginative  experimenters  and  hobbyists.  In- 


Flashlight  Finder 
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TRANSLUCENT 
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Note:  Winking  LED  Hurt*,  loum  light 
w  loul  difknen. 


Fig •  4-  (A)  and  (B)  are  details  of  flashlight-finder  circuit.  (C)  is  emergency  lantern. 

66 


75 


POPULAR  ELECTRONICS 


eluded  are  five  new  high-voltage  silicon  npn  devices,  types 
2N6510-2N6514,  designed  primarily  for  use  in  electronic 
ignition  systems.  These  have  voltage  ratings  from  200  to 
350  volts,  depending  on  type,  maximum  collector  currents 
of  7  amperes,  device  dissipations  of  1 20  watts,  and  a  dc  beta 
range  of  1 0  to  50.  All  five  types  are  supplied  in  hermetic  steel 
TO-3  packages.  In  addition  to  the  high-voltage  devices, 
three  new  10-ampere  pnp  Darlington  transistors,  types 
RCA8203,  RCA8203A,  and  RCA8203B,  have  been  added  to 
RCA’s  growing  family  of  Darlington  units.  These  new  tran¬ 
sistors  are  monolithic  silicon  pnp  complements  of  npn 
types  2N6386,  2N6387,  and  2N6388,  and  have  voltage  rat¬ 
ings  from  -40  to  -80  volts,  60  watts  device  dissipation,  and 
gains  of  1000  at  5  amperes.  Suitable  for  operation  directly 
from  an  1C  without  a  predriver,  and  designed  for  low-  and 
medium-frequency  applications  in  audio  amplifiers,  power 
switching  circuits,  hammer  drivers,  and  series  and  shunt 
regulators,  they  are  supplied  in  the  TO-220AB  straight  lead 
version  of  the  VERSAWATT  plastic  package. 

From  high  power  to  high  frequency — the  Amperex  Elec¬ 
tronic  Corporation  (Solid  State  and  Active  Devices  Division, 
SlatersvilJe,  Rl  02876)  has  developed  ten  new  small-signal 
uhf  transistors  with  gain-bandwidth  products  from  2  GHz  to 
6  GHz  at  collector  currents  between  100  pA  and  150  mA. 
The  new  transistors  offer  low  intermodulation  distortion 
and  low  cross-modulation  distortion  for  wide-band  and 
similar  sophisticated  linear  applications.  Noise  figures  are 
as  low  as  1 .9  d B  at  500  MHz. 

+15  V 


Fig .  6.  Dual  FET  combined  with  op  amp. 

Siliconix  has  a  suggestion  for  those  of  you  who  may 
need  tightly  spac’d  FET  input  op  amps  . .  .  simply  team  one 
of  its  dual  FETs  with  a  standard  bipolar  op  amp.  One  sug¬ 
gested  circuit  is  illustrated  in  Fig.  6.  Here,  a  U401  dual  FET, 
in  conjunction  with  a  CRC43  current  regulator  diode,  is 
used  as  an  input  driver  for  a  U5B7741-393  op  amp. 
Matched  1%  drain  load  resistors  are  used  while  a  1-K  pot 
serves  as  a  null  adjustment.  Phase  compensation  is  pro¬ 
vided  by  a  1.5-K  resistor  in  series  with  a  0.001-pF 
capacitor.  According  to  Siliconix,  this  combination  offers 
an  input  current  rating  of  15  pA  maximum,  1  pA  typical,  an 
offset  (without  nulling)  of  6  mV  maximum,  a  drift  of  only  12 
mV/°C,  a  CMRR  of  90  dB,  and  a  slew  rate  of  0.5  V/ms.  <» 
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RCA  Test  Instruments. . . 

The  broad  line  for  a  wide  range 
of  applications. 


Whether  it’s  for  use  in  consumer 
or  industrial  electronics,  labora¬ 
tories,  schools,  safety  tests  or  for 
everyday  electrical  or  electronic 
maintenance,  there’s  an  RCA 
Electronic  Instrument  for  your 
application. 

And  you  can  find  out  about 
them  all  in  the  new  1975  RCA 
Electronics  Instruments  Cata- 

CIRCLE  NO.  37  ON 


log.  It’s  yours  free  for  the  asking. 
Just  contact  any  one  of  the 
more  than  1 ,000  RCA  Distribu¬ 
tors  worldwide.  Or  write  RCA 
Distributor  and  Special  Prod¬ 
ucts  Division,  Cherry  Hill  Of¬ 
fices,  Camden,  N.J.  08101. 

■Bfl  MU  Electronic 
■  Instruments 

ER  SERVICE  CARD 


. .  UNIVERSAL 
ELECTRONIC 
INSTRUMENT 

DESIGN  AND  BUILD 
YOUR  OWN 
ELECTRONIC 
INSTRUMENT 
IN  HOURS,  NOT  DAYS! 

Think  of  it.  No  circuit  board  to 
assemble  or  solder;  just  push 
your  electronic  components 
into  the  SK-10;  no  panels  to 
[ay  out  and  machine  —  simply 
mount  your  parts  .  .  .  combine 
your  design  with  the  self- 
contained  power  supplies  and 
you've  got  a  finished 
instrument, 


* 

« 


Available  in  3  kit  versions  to 
meet  your  unique  require¬ 
ments,  it  combines  the  SK-10 
socket  with  the  UMP-01 


universal  panel  and  gives  the 
designer  an  instrument  in 
1/1 0th  the  time  it  would  take 


CIRCUIT  DESIGN,  INC. 

Div.  of  E&L  Instruments 
P.O.  Box  24 
Shelton,  Conn.  06484 
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with  custom  instruments. 

From  $50.00  to  $85.00  de¬ 
pending  on  the  power  supplies 
you  want.  Write  for  free 
literature. 
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Test  Equipment 
-  Scene 


By  Leslie  Solomon 


TESTING  CB  MODULATION  AND  CAPACITORS 


I A  PI  D  AUDIO 

JA.LJ.K.  video 

rr3yl6200CHILLUM  PLACE  N.W. 
WASHINGTON.  D.C.20011 


Master 

Chge/BankAmericard  Honored  on  Mail  Orders 
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12  REASONS  YOUR  CAR 
NEEDS  TIGER  CDI 

Instant  starting  in  any  weather  -  Eliminates 
tune-ups  -  Increases  gas  mileage  -  Increases 
horsepower  15%  -  Improves  acceleration 
and  performance  -  Spark  plugs  last  up  to 
70,000  miles  -  Reduces  engine  maintenance 
expense  -  Amplifies  spark  plug  voltage 
to  45,000  volts  -  Maintains  spark  plug 
voltage  to  10,000  RPM  -  Reduces  exhaust 
emissions  -  Dual  ignition  switch  -  An 
Unconditional  LIFETIME  GUARANTEE 
Installs  in  10  minutes  on  any  car  with 
12  volt  negative  ground  -  No  rewiring  -  Most 
powerful,  efficient  and  reliable  Solid  State 
Ignition  made. 

SATISFACTION  GUARANTEED  or  money 
back 

TIGER  500  assembled . $53.95 

TIGER  SST  assembled . $42.95 

Post  Paid  in  U.S.A. 

Send  check  or  money  order  with  order  to: 

^frfcstar  Corporation 

P.O.Box  1727  C 

Grand  Junction,  Colorado  81501 


DEALER  INQUIRIES  INVITED 
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READERS  frequently  ask  us  how 
they  can  accomplish  some  test¬ 
ing  chore  that  would  normally  be 
easy  if  they  had  the  proper 
equipment — but  the  latter  is  too 
expensive  for  occasional  use.  There 
are  usually  ways  to  get  around  such 
problems.  Here  are  two  examples. 

Checking  CB  Modulation.  The  typ¬ 
ical  CB’er  is  interested  in  knowing  just 
how  well  modulated  his  transmitter  is. 
Possibly  he  has  had  complaints  about 
poor  audio  quality  from  his  listeners 
on  the  other  end.  Obviously,  the  closer 
a  transmitter  is  to  having  100%  mod¬ 
ulation,  the  better  the  received  signal. 
With  less  than  100%  modulation,  the 
audio  “volume”  is  reduced.  Modula¬ 
tion  over  100%  produces  interfering 
“splatter,”  which  can  make  transmis¬ 
sion  almost  unintelligible,  and  is  also 
illegal. 

The  transmitter  can  be  checked  eas¬ 
ily  with  a  modulation  monitor,  but  this 
is  an  expensive  instrument  that  is  usu¬ 
ally  found  only  in  professional  r-f  serv¬ 
ice  shops. 

To  do  your  own  modulation  check¬ 
ing,  you  can  build  up  the  circuit  shown 
in  Fig.  1 .  You  will  need  an  oscilloscope 
on  which  you  can  gain  access  to  the 
four  electrostatic  deflection  plates  of 
the  CRT.  Or,  you  can  build  a  suitable 
power  supply  for  almost  any  type  of 
electrostatic  CRT  that  you  have  on 


hand.  There  is  no  need  for  the  vertical 
and  horizontal  deflection  circuits 
— just  access  to  the  deflection  plate 
connectors. 

The  tuned  input  circuit  is  preset  for 
the  27-MHz  CB  band  and  a  short  an¬ 
tenna  is  added.  The  rest  of  the  circuit 
consists  of  a  capacitor  {Cl)  that  cou¬ 
ples  the  r-f  signal  to  the  upper  vertical 
deflection  plate  of  the  CRT.  The  other 
plate  is  grounded.  A  simple  diode  de¬ 
tector  and  filter  circuit  couples  the 
demodulated  audio  signal  to  the  left 
horizontal  deflection  plate,  with  the 
right  plate  grounded. 

To  use  the  modulation  monitor, 
apply  power  to  the  CRT  circuit  and 
allow  it  to  warm  up  until  a  spot  is  dis¬ 
played  on  the  CRT.  The  modulation 
monitor  does  not  need  a  power  sup¬ 
ply.  Then  turn  on  the  CB  rig  and 
orient  the  monitor’s  antenna  until  the 
CRT  spot  changes  to  a  vertical  line 
when  the  CB  transmitter  is  energized. 
Adjust  the  monitor  tuning  capacitor 
and  antenna  so  that  the  vertical  line  is 
longer  than  half  of  the  CRT  screen. 

With  the  CB  microphone  shielded 
so  that  it  does  not  pick  up  any  signals, 
ac  hum  in  the  transmitter  will  show  up 
as  a  broadening  of  the  vertical  line. 

Speaking  into  the  microphone  at  a 
normal  level  and  with  the  normal 
mouth-to-microphone  distance 
should  cause  the  thin  vertical  line  to 
change  into  a  trapezoid.  The  trap- 


„  —  „  SLIGHT 

CLEAN”  AC  HUM 


UNMODULATED 

CARRIER 


LESS  THAN 
100%  MOD. 


OVER¬ 

MODULATION 

(ILLEGAL) 


Fig.  L  C  hr  nit  for  checking  modulation.  Waveforms  show  scope  results. 
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ezoid  will  change  to  a  triangle  at  the 
100%  modulation  point.  (See  the  four 
traces  in  Fig.  1.)  When  the  shape  is  a 
trapezoid,  the  transmission  is  legal 
because  it  is  modulated  less  than 
1 00%.  You  can  adjust  the  potentiome¬ 
ter  to  change  the  width  of  the  trace. 

If  the  triangle  develops  a  “tail,”  as 
in  the  right-hand  trace,  the  modula¬ 
tion  is  over  100%  and  is  illegal.  This 
tail  is  what  causes  the  splatter  that  is 
so  annoying  on  the  band.  Any  rig  that 
produces  this  effect  should  be 
checked  before  it  is  put  back  on  the 
air.  However,  remember  that  FCC 
rules  require  that  any  adjustments  on 
the  frequency-sensitive  portion  of  the 
transmitter  must  be  made  by  a 
licensed  Radio  Technician. 


Fig.  2 .  Capacitor  test  circuit. 


Capacitor  Testing.  There  are  sev¬ 
eral  different  types  of  capacitor  tes¬ 
ters  available — some  of  them  very 
expensive— but  the  simplest  ap¬ 
proach  uses  just  an  ordinary  filament 
transformer,  a  fixed  resistor,  and  an 
ac  voltmeter.  The  basic  circuit  is 
shown  in  Fig.  2. 

Connect  the  resistor  and  the 
capacitor  to  be  tested  in  series  across 
an  ac  source  of  known  frequency.  Al¬ 
though  almost  any  audio  frequency 
will  do,  the  60-Hz  commercial  line  can 
be  used.  It  is  stable  and  convenient, 
but  use  the  transformer  to  isolate  the 
circuit  for  safety’s  sake. 

First  calculate  the  current  flowing 
through  the  circuit.  To  do  this,  mea¬ 
sure  the  voltage  across  the  resistor, 
calling  it  E,.  The  current  is  then  I  = 
E,/R.  For  example,  if  the  resistor  is 
5000  ohms  and  the  voltage  drop  is  7.5 
V,  the  current  is  0.0015  A. 

To  determine  the  capacitor  value, 
first  measure  the  voltage  drop  across 
the  capacitor,  calling  it  E*.  Then  the 
capacitance  is  C  =  1/(2  nfE2).  Thus,  in 
the  example,  if  E.2  is  5  V,  C  = 
0.0015/(6.28  x  60  x  5)  =  0.7  pF. 

This  approach  is  limited  in  accu¬ 
racy  since  many  capacitors  may  leak 
and  produce  erroneous  meter  indica¬ 
tions.  Also,  the  procedure  cannot  be 
used  to  check  electrolytic  capacitors. 

If  you  are  checking  a  number  of 
capacitors,  it  might  be  handy  to  add  a 
scale  to  the  meter  calibrated  to  read 
capacitance  rather  than  voltage.  <$> 


BEST  CB  RECREATIONAL 
COMMUNICATIONS 


PACE  had  the  largest  selection  in  Citizen  Band  2-way 
racjfo  equipment  and  accessories.  Each  unit  is  specific- 
all^  designed  to  bring  you  more  fun  in  recreational  com¬ 
munication  from  your  home,  car,  motor  home,  trailer, 
boatdbgsted,  or  whatever  you  use  in  your  pleasure  hours. 
Call  your  bdse  camp  from  your  fishing  skiff  to  find  out 
what’s  oh  for  lunch;  or,  talk  to  other  mobile  units  in  your 
caravan  foriftformation  on  road  or  campsite  conditions. 
A  CB  radio  from  PACE  can  also  be  very  helpful  it  you 
need  assistance. 

PAGE  gives  you  the  widest  choice  in  sizes-and  the 
greatest  variety  of  RF  power  and  channel  options.  Use 
CB  Two-Way  communications,  engineered  by  PACE,  to 
bring  you  more  enjoyment  on  ‘your  travel  outings  this 
summer.  See  your  PACE  dealer  or  give  us  a  call. 


PACE  COMMUNICATIONS 


Division  <*  PATHCOM  INC..  24G49  S.  Framplon, 
Export:  2200  Shanri^  Df3ve,.xWwtbUry,  New  York  i 
;  /Available  ij*  Canada  from  Superior  Electronics 

See  your  dealer  today  j 


CB10-2 

$69.95 


CB2376A 

$179.95 
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CB155, 

$94.95 


CB125 

$59.95 
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and  FM  DIRECTORY 


Get  all  the  newest  and  latest  information  on  the  new  McIntosh  Sol¬ 
id  State  equipment  in  the  McIntosh  catalog.  In  addition  you  will 
receive  an  FM  station  directory  that  covers  all  of  North  America. 


MX  113 

FM/FM  STEREO- AM  TUNER  AND  PREAMPLIFIER 


McIntosh  Laboratory,  Inc. 

I  East  Side  Station  P.O.  Box  96 
Binghamton,  N.Y.  13904 
I  Dept  PE 


|  ADDRESS. 
I  CITY _ 


If  you  are  in  a  flurry  for  your  catalog  please  send  the  coupon  to  McIntosh. 
For  non  rush  service  send  the  Reader  Service  Card  to  the  magazine. 
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Electronics 
no  picnic. 


It  takes  work. 

And  a  few 
sacrifices. 

But 

it’s  worth  it! 

The  minute  you  start  your  CIE  course 
you’ll  see  why  CIE  is  different  than 
other  home-study  schools. 

Because  as  a  CIE  student  you’ll  get 
the  kind  of  electronics  training  that 
prepares  you  for  a  career,  not  just  a 
job.  We’ll  give  you  a  meaningful,  well- 
rounded  foundation  in  electronics 
theory  and  practice.  And  with  our 
special  Auto-Programmed®  Lessons, 
we’ll  make  sure  you  grasp  the  key 
theories  and  methods  of  modern  Elec¬ 
tronics.  No  “fun  and  games”  frills.  No 
time-wasting,  superficial  lesson  material. 
No  “snap”  exams. 

We’ll  challenge  your  thinking. 

We  have  to.  Because  after  you  grad¬ 
uate,  employers  will  expect  you  to  really 
know  how  to  analyze  and  troubleshoot 
virtually  all  kinds  of  electronics  equip¬ 
ment.  Some  employers  of  electronics 
personnel  have  told  us  that  our  gradu¬ 
ates  have  what  it  takes. 

That’s  why  we’re  so  thorough.  We’ve 
got  a  40-year  reputation  to  uphold  and 
we’re  going  to  keep  it  by  giving  our 
students  the  best  independent  home-study 
training  we  can. 

Sure,  some  of  our  weaker  students 
drop  out.  (Learning  Electronics  with 
CIE  is  no  free  ride.)  But  you  can  bet  on 
this .  .  .  the  ones  who  do  make  it  are 
ready!  Ready  to  go  out  and  make  it  in 
the  rewarding  world  of  Electronics.  And 
that’s  the  reason  you  want  to  learn, 
isn’t  it? 

You  can  have  attractive 
job  opportunities 

There  have  already  been  many  exciting 
developments  and  breakthroughs  in 
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Electronics  and  some  people  might  as¬ 
sume  there  will  be  no  new  frontiers  . . . 
no  new  worlds  to  conquer.  Not  so. 

Electronics  is  still  growing.  In  nearly 
every  one  of  the  new  and  exciting  fields  of 
the  Seventies  you’ll  find  electronics  skills 
and  knowledge  in  demand.  Computers 
and  data  processing.  Air  traffic  control. 
Medical  technology.  Pollution  control. 
Broadcasting  and  communications. 

Importance  of  an  FCC  License 

If  you  want  to  work  in  commercial 
broadcasting  . . .  television  or  AM  or 
FM  broadcasting ...  as  a  broadcast 
engineer,  federal  law  requires  you  to 
have  a  First  Class  Radiotelephone  Li¬ 
cense.  Or  if  you  plan  to  operate  or  to 
maintain  mobile  two-way  communica¬ 
tions  systems,  microwave  relay  stations 
or  radar  and  signaling  devices,  a  Second 
Class  FCC  License  is  required. 

But  even  if  you  aren’t  planning  a 
career  which  involves  radio  transmission 
of  any  kind,  an  FCC  “ticket”  is  valuable 
to  have  as  Government  certification  of 
certain  technical  skills.  It’s  a  job  creden¬ 
tial  recognized  by  some  employers  as 
evidence  that  you  know  your  stuff. 

A  good  way  to  prepare  for  your  FCC 
License  exam  is  to  take  one  of  the  CIE 
career  courses  which  include  FCC  Li¬ 
cense  preparation.  We  are  confident 
you  can  successfully  earn  your  license, 
if  you’re  willing  to  put  forth  an  effort, 


because  the  vast  majority  of  CIE  stu¬ 
dents  have.  In  fact,  based  on  continuing 
surveys,  close  to  9  out  of  10  CIE 
graduates  have  passed  their  FCC  exams! 

So  if  you  are  serious  about  getting 
ahead  in  Electronics ...  if  you  are 
willing  to  put  in  the  extra  work  ...  get 
in  touch  with  us. 

We  have  many  career  courses  for  you 
to  select  from.  If  you  already  have  some 
electronics  training,  you  may  want  to 
skip  our  beginner-level  courses  and  en¬ 
roll  in  an  intermediate  program.  Or,  if 
you’re  really  hot,  there’s  a  tough,  college- 
level  course  called  “Electronics  Engi¬ 
neering”  that  can  make  you  even  better. 

Send  today  for  FREE 
school  catalog 

Send  today  for  our  FREE  school 
catalog  and  complete  package  of  inde¬ 
pendent  home-study  career  information. 
For  your  convenience,  we  will  try  to 
have  a  representative  call  to  assist  in 
course  selection.  Mail  reply  card  or 
coupon  to  CIE  ...  or  write:  Cleveland 
Institute  of  Electronics,  Inc.,  1776  East 
17th  Street,  Cleveland,  Ohio  44114. 

Do  it  TODAY. 

G.I.  Bill  Benefits 

All  CIE  career  courses  are  approved  for 
educational  benefits  under  the  G.I.  Bill. 
If  you  are  a  Veteran  or  in  service  now, 
check  box  for  G.I.  Bill  information. 


l - 

Cleveland  Institute  of  Electronics,  Inc. 

1776  East  17th  Street,  Cleveland,  Ohio  44114 
Accredited  Member  National  Home  Study  Council 

Yes,  I  want  your  FREE  school  catalog  and  career  information  package  today, 

I  am  especially  interested  in: 

□  Electronics  Technology 

□  FCC  License  Preparation 

□  Color  TV  Maintenance 

□  Mobile  Communications 


Print  Name 

Address  Apt. 

City 

State  Zip  Age 

Check  box  for  G.I.  Bill  information.  □  Veteran  □  On  Active  Duty 


□  Industrial  Electronics 

□  Electronics  Engineering 

□  Other _ 
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Amateur 
Radio 


By  Herbert  S.  Brier,  W9EGQ 


USING  THE  OSCAR  SATELLITES 


UNTIL  recently,  working  “real" 
DX  on  the  vhf  bands  with  low- 
power  equipment  was  limited  to  a  few 
hardy  souls  using  sophisticated  sta¬ 
tions  and  techniques.  All  this  has 
changed.  Amateurs  need  no  longer 
rely  on  the  moon,  fickle  sunspots,  etc., 
to  propagate  their  signals—OSCAR 
can  do  the  job  reliably! 

The  Orbital  Satellite  Carrying 
Amateur  Radio  program  officially 
started  in  1961,  when  OSCAR  1  was 
assembled.  OSCAR  hitched  a  ride  on  a 
U.S.  Air  Force  satellite  booster  and  en¬ 
tered  into  a  300-mile  (483-km)  high 
polar  orbit  on  December  12,  1961. 
Over  570  amateurs  in  44  states  and  28 
countries  reported  hearing  the  cheery 
CW  "Hi”  from  the  satellite’s  140-mW, 
2-meter  beacon. 

OSCAR  2,  another  simple  beacon, 
was  launched  in  1963,  paving  the  way 
for  OSCAR  3,  an  orbiting  repeater. 
"Three”  received  signals  near  144.1 
MHz  and  retransmitted  them  near 
145.9  MHz.  During  its  230 active  orbits, 
hundreds  of  amataurs  worked  each 
other  through  OSCAR  from  state  to 
state,  country  to  country,  and  conti¬ 
nent  to  continent. 

The  booster  carrying  OSCAR  4, 
launched  December  1965,  malfunc¬ 
tioned,  and  the  satellite  went  into  a 
highly  elliptical  orbit,  which  decayed 
after  a  few  passes.  However,  before 
OSCAR  4’s  fiery  reentry,  the  first  satel¬ 
lite  contact  between  the  USSR  and  the 
USA  was  accomplished.  OSCAR  5, 
built  by  Australian  amateurs,  followed 
in  1970.  It  transmitted  continuous 
beacon  signals  on  145  MHz  and 
29.5-MHz  beacon  signals  that  could 
be  turned  on  and  off  from  the  ground. 

OSCAR  6  and  OSCAR  7.  OSCAR  6 
was  launched  on  October  15, 
1972,  and  is  still  going  strong!  It  re¬ 
ceives  signals  between  145.9  and  146 
MHz  and  repeats  them  between  29.45 
and  29.55  MHz,  with  a  power  output  of 
about  1.3  watts. 


OSCAR  7,  entering  orbit  November 
15,  1974,  contains  all  the  features  of 
the  previous  OSCAR’S  in  one  package. 
Constructed  by  Australian,  Canadian, 
German  and  American  amateurs,  it 
contains  two  complete  repeaters.  Re¬ 
peater  "A"  receives  between  145.85 
and  145.95  MHz  and  transmits  be¬ 
tween  29.4  and  29.5  MHz  with  an  out¬ 
put  of  2  watts  PEP.  On  alternate  days, 
OSCAR  7  s  repeater  “B”  receives  be¬ 
tween  432.125  and  432.175  MHz  and 
retransmits  between  145.975  and 
145.925  MHz  with  a  maximum  power 
of  1 4  watts  PEP.  (Note:  as  the  432-MHz 
frequencies  increase,  the  145-MHz 
frequencies  decrease.) 

Besides  functioning  as  repeaters, 
both  OSCAR’S  transmit  beacon  sig¬ 
nals  and  send  telemetry  information 
about  their  internal  operation,  They 
can  also  be  programmed  from  the 
ground  to  send  important  messages 
to  listeners.  The  OSCAR  6  beacon  op¬ 
erates  on  29.45  MHz.  In  contrast, 


Stuart  Cowan ,  W2LXy  Rye>  N.Y.,  and 
h is  ho  me - co  nstruct&d ,  4  0~iva 1 1 , 
U6~MHz  transmitter.  He  has 
worked  a  dozen  countries  in 
three  continents  using  the 
OSCAR  satellites.  Antennas 
include  a  U-elenient  Yagi,  a  beam , 
and  a  center -fed  wife  doublet 


OSCAR  7  sends  three  beacon  signals. 
On  "A”  days  they  are  found  at  29.502 
MHz  (CW  and  RTTY)  and  432.1  MHz 
(RTTY),  while  on  “B”  days  tpe  beacon 
is  active  on  145.972  MHz  (CW  or 
RTTY). 

OSCAR'S  are  powered  by 
nickle/cadmium  batteries,  which  are 
recharged  through  solar  cells  distrib¬ 
uted  over  their  outer  surfaces.  OSCAR 
7  has  a  larger  and  more  efficient 
charging  system  than  OSCAR  6  has, 
so  it  can  run  continuously.  OSCAR  6, 
on  the  other  hand,  must  be  shut  down 
periodically  to  allow  its  batteries  to  re¬ 
charge  completely. 

Using  the  Satellites.  Probably  the 
best  way  to  start  using  the  OSCAR 
satellites  is  to  listen  to  them,  You’ll 
need  a  sensitive  receiver  capable  of 
receiving  10-meter  and/or  2-meter  CW 
and  SSB  signals,  and  a  fairly  good  re¬ 
ceiving  antenna.  The  best  "starter" 
antennas  are  circularly  pofarized  to 
minimize  fading.  Consult  the  Radio 
Amateurs  Handbook  (ARRL), 
Specialized  Communications  Techni¬ 
ques  (ARRL),  or  the  VHF  Handbook 
(Radio  Publishing)  for  plans  of  anten¬ 
nas  and  other  OSCAR  accessories. 

The  OSCAR’S  cross  the  United 
States  each  evening  from  south  to 
north  between  approximately  7  and  1 1 
p.m.,  local  standard  time.  From  north 
to  south  they  make  passes  between  7 
and  11  a.m,  On  the  present  OSCAR  7 
schedule,  Mode  A  (2-  and  10-meter) 
oparates  Monday,  Thursday,  and 
Saturday  evenings;  Mode  B  (2-meter), 
on  Sunday,  Wednesday,  and  Friday 
evenings.  Tuesday  evenings  and  each 
morning  (except  weekends)  are  re¬ 
served  for  tests,  class-room  demon¬ 
strations  and  special  schedules. 

Start  listening  on  the  appropriate 
frequency  (29.45,  29.502,  or  145.972 
MHz)  shortly  before  7  p.m.,  until  the 
beacon  signal  is  heard.  Carefully  note 
the  acquisition  time.  The  satellite  will 
be  in  the  same  position  at  about  the 
same  time  two  days  later.  In  addition, 
you  will  probably  be  able  to  hear  the 
next  pass  about  115  minutes  later, 
when  OSCAR  will  have  progressed 
28.73  degrees  to  the  west.  If  the  sec¬ 
ond  pass  is  louder  than  the  first,  listen 
again  another  115  minutes  later.  On 
alternate  days,  each  pass  occurs 
about  an  hour  earlier  (or  later)  than  the 
day  before.  After  a  few  days  you’ll  be¬ 
come  familiar  with  the  pattern. 

For  precise  information,  copy 
W1  AW  on  Sunday  afternoons.  At  2000 
GMT,  all  OSCAR  north-to-south 
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Holding  a  personal 
3-continent  “QSO”  are 
(left  to  right)  Phil  Haller , 
W9HPG ,  ARRL  Central  Div. 
Director;  Arnim  Rudder , 
0YM#,  Trinidad;  and  S. 
Mftte/arfor/,  DLSLT,  W. 
Gema/ii/.  Af  Hamfesters 
picnic  in  Chicago . 


equatorial  crossing  times  for  the  fol¬ 
lowing  week  are  transmitted  on  CW. 
Frequencies  are  3.58,  7.08,  14.08  and 
21 .08  MHz.  The  bulletins  are  repeated 
on  RTTY  at  21 00  GMT  on  3.625,  7.095, 
14.095  and  21.095  MHz.  Included  are 
overpass  ti  mes  on  each  orbit  for  major 
cities  like  Detroit,  Denver,  New  York, 
Houston,  and  San  Francisco.  This 
same  information  is  available  in 
printed  form  from  AMSAT,  Box  27, 
Washington  D.C.,  20044  (include  a 
SASE). 

You  can  identify  the  beacons  by 
their  strings  of  5-digit  numbers,  with 
“Hi  Hi”  every  90  seconds,  on  CW  (20 
wpm)  or  RTTY.  OSCAR  7’s  10-meter 
beacon  is  somewhat  stronger  than  the 
one  aboard  OSCAR  6.  As  soon  as  you 
can  hear  the  beacon,  tune  into  the  ap¬ 
propriate  passband  for  signals  com¬ 
ing  through  the  down-link.  Most  will 
be  on  CW,  and  the  rest  probably  on 
SSB. 

The  satellite  moves  quickly,  so  you 
must  continually  compensate  for  re¬ 
sulting  Doppler  frequency  shift.  A  us¬ 
able  pass  will  last  anywhere  from  less 
than  a  minute  to  about  20  minutes.  At 
first,  signals  will  seem  to  pop  in  and 
out  before  they  can  be  tuned  in,  and 
then  the  pass  will  be  over.  After  a  little 
practice,  however,  you'll  get  the 
“hang”  of  OSCAR  operation.  When 
the  satellite  is  directly  overhead,  you 
should  be  able  to  hear  stations  within 
a  2500-mile  (4025-km)  circle  centered 
on  your  QTH. 

Transmitting.  To  avoid  “hogging” 
the  satel  lite’s  translator,  your  effective 
radiated  power  (erp)  shouldn’t  exceed 
100  watts.  This  can  be  achieved  with 
1 0  watts  into  a  beam  with  a  1 0-dB  gain, 
or  100  watts  into  a  nondirectional  an¬ 
tenna. 

Many  amateurs  have  old  146-MHz 
AM/CW  transmitters  stashed  away, 
and  many  dealers  have  similar  units 
on  their  used-equipment  shelves. 
These  can  be  resurrected  and  keyed 
for  OSCAR  work.  Another  source  of 
146-  and  432-MHz  transmitters  is  the 
150-  and  450-MHz  commercial  FM 


gear  available  from  surplus  dealers. 
They  can  usually  be  retuned  for  the 
adjacent  amateur  band  and  modified 
for  CW  operation  without  much  trou¬ 
ble.  Commercially  manufactured  vhf 
SSB  gear  is  being  introduced;  hf-to- 
vhf  “transverters”  can  also  be  used. 
Amateur  literature  contains  plenty  of 
suggestions  for  the  homebrewer.  A 
good  “junk  box”  will  provide  most  of 
the  parts  needed  to  get  on  2  meters  or 
70  cm. 

When  you  are  ready  for  two-way 
OSCAR  work,  tune  your  receiver  to  the 
OSCAR  downlink  passband.  Send  a 
short  string  of  slow  dots  on  the  input 
passband  and  tune  in  your  own  signal. 
For  OSCAR  7,  choose  IOmeter  fre¬ 
quencies  between  29.400  and  29.445 
MHz  for  CW,  RTTY,  and  SSTV; 
29.445-29.455  MHz  “potluck”;  and 
29.455  to  29.495  MHz  for  SSB.  Do  not 
operate  above  29.495  MHz,  or  you’ll 
cause  interference  with  the  beacon 
signal.  After  tuning  in  your  own  signal 
and  noting  how  you  sound  to  other 
operators,  you’re  ready  to  make  con¬ 
tacts. 

Meetings  and  Literature.  The 

1975  ARRL  Technical  Symposium  will 
be  held  Sept.  12,  1975  and  the  ARRL 
National  Convention,  Sept.  13  &  14,  in 
Restoq,  Va.  They  will  be  sponsored  by 
the  Northern  Virginia  Amateur  Radio 
Council  and  the  Foundation  for 
Amateur  Radio.  For  details,  write: 
Registration  Chairman,  P.O.  Box  682, 
McLean,  VA  22101. 

If  you  are  looking  for  some  extra 
door  prizes  for  your  next  meeting, 
hamfest,  etc.,  Radio  Shack  will  send 
you  ten  copies  of  their  Archer  Transis¬ 
tor  Substitution  Guide  free,  on  re¬ 
quest,  for  a  limited  time  only.  The 
96-page  booklet  sells  for  $1.25  at 
Radio  Shack  stores.  Among  other 
things,  it  lists  over  20,000  commercial 
transistor  types,  which  may  be  directly 
replaced  or  substituted  for  with  one  of 
37  Archer  transistors.  Write,  on  your 
club  or  organization  stationery,  to: 
Radio  Shack  Transistor  Guide,  2617 
W.  7th  St.,  Fort  Worth,  TX  76107.  <§> 


ALTAIR  8800  USERS  ! 

Get  your  system  going  inexpensively  with 
our  memory  and  Input/Output  cards.  All 
are  fully  8800  compatible  and  include 
every  standard  8800  feature  plus  more. 
Check  these  features: 

•  Designed  for  maximum  versatility  to 

meet  your  system  requirements 

•  Easy  to  assemble  and  use 

•  Maximum  noise  rejection  built  in 

•  Two  sided  epoxy,  plated  thru  holes 

•  Gold  plated  edge  contacts 

•  100%  GUARANTEED 


IN  PUT/OUTPUT 

This  one  card  will  meet  all  common  I/O 
requirements.  Interface  your  Altair  with 
the  TV  Typewriter  and  at  the  same  time  a 
teletype  or  modem,  plus  other  devices. 

•  Two  input  and  two  output  ports 

(parallel) 

•  One  serial  I/O  for  any  teletype  and/or 

El  A  RS-232C  device,  uses  a  UART 

•  Two  special  ports  for  any  imaginable 

control  needs 

•  Program  serial  data  from  35  to  9600 
baud 


•  Full  I/O  handshaking  provided 
ORDER  KIT  No.  3P+S  .  .  . 


$125. 


MEMORIES 

Our  high  speed,  low  power  static  read 
write  memory  (RAM)  allows  the  8800  to 
run  at  top  speed.  All  our  memory  IC’sare 
100%  tested  to  Military  STD-883!  Each 
card  accepts  up  to  4096  8  bit  words. 
ORDER  KIT  No.  4KRA 

w/4Kx8 . $225. 

w/2Kx8 .  125. 

w/lKx8 .  85. 


Our  PROM  card  accepts  up  to  eight 
1702A  or  5203  erasable  programmable 
read  only  memories.  All  necessary  8800 
interface  logic  is  provided  but  NO 
PROM’s. 

ORDER  KIT  No.  2KRO _ $  50. 


Write  for  assembled  unit  pricing.  Send  for 
our  FREE  flyer  or  order  now  from: 

PROCESSOR  TECHNOLOGY  CO. 

2465  Fourth  St.,  Berkeley,  Calif.  94710 
(415)  549-0857 

Terms:  All  items  postpaid.  California 
residents  add  sales  tax.  20%  deposit 
required  on  COD  orders.  Discounts:  5%, 
orders  over  $375;  10%,  over  $600. 
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Let  us  know  8  weeks  in  advance  so  that  you  won’t 
miss  a  single  issue  of  POPULAR  ELECTRONICS. 

Attach  old  label  where  indicated  and  print  new 
address  in  space  provided.  Also  include  your  mail¬ 
ing  label  whenever  you  write  concerning  your  sub¬ 
scription.  It  helps  us  serve  you  promptly. 

Write  to:  P.O.  Box  2774,  Boulder,  CO  80302,  giv¬ 
ing  the  following  information: 

□  Change  address  only. 

□  Extend  subscription.  Q  Enter  new  subscription, 
n  1  year  $6.98 

□  Payment  enclosed  (1  extra  BONUS  issue) 

□  Bill  me  later 
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LISTEN! 


We’re  one  of 
the  country’s 
largest  Mail 
Order  Houses 
of  Stereo 
Equipment 
and  Musical 
Instruments. 

Our  volume  buying  power  enables 
us  to  pass  the  savings  on  to  you. 
Listen  to  us  ...  You  can’t  go 
wrong. 


Fill  out  this  coupon  and  mail  to  address 
below  for  our  latest  Free  Catalogs. 


□  AUDIO  CATALOG 

□  MUSICAL  INSTRUMENT  CATALOG 


TRY) 
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7A  AYLESBURY  ROAD  □  TIMONIUM,  MD.  21093 
[301]  252-6880 
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TturaoNE  rura  cwi. 

Aumin  Dctict,  AmomiIk  DuIct.  "Hark  B.i“,  Call  Ditrnlct.  Call  Lwilcr. 
CHltitm  Bride*,  CniraJ  Dial  Evfcaac*.  McUdic  Gcmtum. 

Imfdct  -  Aclnlcr,  Itattt  Cutnl,  Sckcutici,  IftiltrfkMt,  Tckiiak 
B*nbr  Alar*.  Voict  Scraahkr,  Dial/Toa*  CtniVr,  T— *  /Dial  Converter. 
RISC  PLANS:  UjwtKh. 

BiofrfdbKk  Coaditioaet,  Mahirreqocarjr  Eacndcr  Network,  Hwticnlmt 
Slinalator,  Dodecihedm  Speaker  EacImuic,  Photoirtphie  Piakolc  Camera. 

ALL  OF  THE  CONSTRUCTION  PUNS  ABOVE;  li<  AIRMAILED. 

LEARN  THE  SECRETS  v 
V"  OF  YOUR  TELEPHONE 


Jh£tnS5»i^j«. 


Han  you  ever  woadend  wkit  li«  behind  that  telephone  dial?  Now  jr«a  can 
learn  the  tricks  of  the  fekphaac  trade.  Get  Ike  inside  story  of  lekpboa* 
system-  their  quirks  and  flaws,  and  remain  up  lo  dale  on  vital  tovitiw 
witkin  the  i  tit  phone  industry  TELEPHONE  ELECTRONICS  LINE  «  a 
pnhlicalioi  designed  for  the  teltphose  enthusiast.  Phone  Phreak,  and 
experimcMcr,  rtial  lining  intcrcsiiag  articles  which  offer  a  wealth  of  hard  la 
find  information.  Technical  theory  is  also  discussed,  among  the  following  items: 

Current  News  Hems  •  Code  Numbers 
Illustrations  •  Games  •  Facts  •  Plans 
Projects  •  History  •  Comics  •  Stories 
Facts  prieviously  Tel.  Co.  confiden¬ 
tial  is  now  published  in  TEL! 

Owe  year  nhttnption  rate:  United  Stales  16.00,  Canadian  d  foreign  1A.M. 

AU  OF  THt  CONSTRUCTION  PUNS  ABOVE  PLlSA  ONE  TEAR  SUB¬ 
SCRIPTION  TO  TELEPHONE  ELECTRONICS  LINE:  Itf  »5  AIRMAILEO. 

IK  LEGAL  ASPECTS 


U9  9S  AIRMAILED. 

The  complete  reference  book  to  your 
LEGAL  RIGHTS  as  a  telephone  sub¬ 
scriber.  Study  toll  evasion*  tariffs* 
wiretapping,  customer  provided  equip¬ 
ment*  and  many  morel 

AU  OF  THE  CONSTRICTION  PUSS  ABOVE  AND  A  ONE  YEAR  SUBSCRIPTION 
TO  m  PLUS  "THE  LEGAL  ASPECTS  Of  INTERCONNECTION":  Sjv.w  AIRMAILEO. 

“  ^ —  "™CDW»WVY^AMEnJCfl 

*361$  Eju^iLnnK  ■LVO.rlfmt?DLARJD  HILLS  CA  S“ia&4  uirv 


CIRCLE  NO.  45  DN  READER  SERVICE  CARD 


LISTEN  IN  TO 


APOLLO/SOYUZ 


AT  1220  GMT  on  July  15,  1975  (as 
of  this  writing),  a  Soyuz  manned 
spacecraft  will  be  launched  from  the 
Soviet  Cosmodrome  at  Tyuratam. 
Seven  and  a  half  hours  later,  a  manned 
Apollo  spacecraft  will  be  launched 
from  Cape  Canaveral,  Florida.  The 
combined  operation  will  be  called  the 
Apollo-Soyuz  Test  Project  (ASTP). 

It  is  hoped  that  the  Soyuz  and  the 
Apollo  will  rendezvous  and  dock  at 
1615  GMT,  July  17.  After  some  exper¬ 
iments,  the  two  spacecraft  will  sepa¬ 
rate  at  2254  GMT,  July  1 9.  The  Soyuz  is 
scheduled  to  return  to  earth  at  1050 
GMT,  July  21 ,  while  the  Apollo  will  stay 
in  space  until  July  24. 

The  Soyuz  will  be  injected  into  an 
88.7-minute  period  orbit  inclined  at 
51 .5°  to  the  equator.  Approximately  78 
minutes  after  launch,  Soyuz  will  cross 
the  equator  at  41.6°  proceeding 
northwest.  The  next  north-bound 
equator  cross  will  occur  88.7  minutes 
later  at  32.54°  west  longitude.  Each 
succeeding  equatorial  crossing  will 
then  occur  22.54°  farther  west  along 
the  equator  at  88.7-minute  intervals. 
These  crossings  can  be  plotted  on  a 
world  map  to  find  out  where  Soyuz  is 
for  reception  purposes. 

Soviet  tracking  ships  will  be 
stationed  near  Sable  Island  (Nova 
Scotia)  and  in  the  Gulf  of  Honduras. 
The  “circle  of  coverage”  for  these 
ships  is  1600  km  (almost  1000  miles) 
centered  on  the  ship.  If  a  1600-km  cir¬ 
cle,  centered  on  the  listener’s  loca¬ 
tion,  overlaps  the  ship  coverage,  then 
communications  can  be  monitored 
when  the  spacecraft  is  in  the  overlap 
area. 

The  easiest  frequency  to  hear  will  be 
the  121,75-MHz  transmissions  using  a 
70-kHz  voice-modulated  FM  trans¬ 
mission  with  4  watts  output.  The 
Soyuz  antenna  is  linearly  polarized. 
The  Apollo  will  use  the  same  fre¬ 
quency,  method  of  modulation,  and 
power,  but  its  antenna  will  be  right- 
hand  polarized.  There  will  be  several 
ground  stations  scattered  about  the 
U.S.A.  (also  many  abroad)  to  maintain 
contact  with  the  spacecraft.  Downlink 
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voice  communications  to  these  sta¬ 
tions  will  be  on  296.8  MHz  from  Soyuz 
and  2287.5  MHz  from  the  unified 
S-band  system  aboard  the  Apollo. 
Frequencies  that  will  be  used  are 
shown  in  the  table. 

Experience  during  previous  Soyuz 
flights  has  shown  that  a  dipole  an¬ 
tenna  is  sufficient  to  receive  the 
1 21 .75-MHz  signals  if  the  receiver  has 
a  3-  or  4-dB  noise  figure.  To  ensure 
good  voice  signals,  an  antenna  having 
about  10  dB  of  gain  is  suggested.  A 
low-noise  antenna  preamplifier  will 
also  help. 

SPACECRAFT  FREQUENCIES 

20.008  MHz  (A)*  Soyuz.  PDM,  CW 

121.75  MHz*  Soyuz,  Salyut-4.  70-kHz 

voice  FM 

259.7  MHz*  ASTP.  '  Intership  AM 

voice 

296.8  MHz*  ASTP.  downlink  AM 

voice  to  US  ground  sta¬ 
tions  from  Salyut 

922.75  MHz*  Soviet  earth  satellites. 

Beacon  and  telemetry 
2287.5  MHz*  Apollo  unified  S-band 

center  frequency 

Notes: 

(A)  Intermittent  use  during  flight. 

*  Will  be  used  during  ASTP  flight 

Legality  of  Monitoring.  Listeners 
should  be  aware  of  Section  605  of  the 
Communications  Act  of  1934  (“Unau¬ 
thorized  Publication  of  Communica¬ 
tions")  which  states  that  it  is  unlawful 
to  divulge  the  contents  of  any  inter¬ 
state  or  foreign  communications 
which  have  been  received,  with  the 
exception  of  communications  broad¬ 
cast  or  transmitted  by  amateurs  or 
others  for  the  use  of  the  general  pub¬ 
lic,  or  relating  to  ships  in  distress. 

According  to  this  rule,  there  ap¬ 
pears  to  be  no  legal  problem  involved 
with  the  monitoring  of  spacecraft 
transmissions  as  long  as  the  contents 
are  not  divulged  to  someone  not 
present  when  the  signals  were  re¬ 
ceived.  <$> 
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Hobby  Scene 


FM  PREAMPLIFIER 

Q.  How  about  a  schematic  for  an 
FM  signal  booster? 

— Jeff  Gold „  Van  Nuys,  CA. 

A.  The  circuit  shown  will  provide 
about  24 dB  gain  across  the  FM  broad* 
cast  band.  It's  fairly  immune  to  cross¬ 
modulation,  as  it  can  handle  interfer¬ 
ing  signals  up  to  about  15  millivolts 
with  10%  cross-modulation  at  maxi¬ 
mum  gain.  IC1  is  an  RCA  CA3005  am¬ 
plifier,  and  allows  connection  of  an 


age  line.  Reverse  age  can  be  applied 
by  varying  the  voltage  at  pin  12  from  9 
volts  (maximum  gain)  to  3  volts  (full 
cutoff).  Dynamic  age  range  is  about  60 
dB,  LI  is  made  by  winding  four  turns 
of  #22  wire,  center  tapped,  on  a 
V4-inch  OD  coil  form  with  an  “EM  mate¬ 
rial  slug.  L2  is  the  same  as  LI,  but  has 
no  center  tap.  Cl  (A  and  B)  is  a  two- 
gang  FM  tuning  capacitor  (approx, 
2.9-30  pF).  Peak  Cl  and  the  10-pF 
trimmer  for  maximum  signaL 


( — ° 
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ZENER  DIODE  TESTER 

Q.  I  bought  a  batch  of  zener  diodes, 
but  they  are  unmarked  except  for  po¬ 
larity.  I  want  to  find  out  the  break¬ 
down  voltage  of  each  of  them,  which 
is  supposedly  between  5  and  15  volts. 
Is  there  a  circuit  that  will  do 
this? — Joseph  Gargiulo,  Brooklyn 

/v.y. 

A. The  circuit  shown  here  will  be  use¬ 
ful  for  testing  zener  diodes.  Care  must 
be  taken  lest  the  current  rating  be  ex¬ 
ceeded.  Assuming  the  diodes  are 
half-watt  models,  maximum  current 
for  a  5-volt  zener  will  be  100  mA,  and 
25  mA  for  20-volt  zeners.  For  one-watt 
diodes,  maximum  current  is  50  mA 
(20-volt  zeners)  and  200  mA  (5-volt  de¬ 
vices).  With  the  switch  in  the  half-watt 
position,  current  is  limited  to  20  mA.  In 
the  one-watt  position,  it  is  40  mA.  Most 
half-  and  one-watt  diodes  will  zener  at 
20  mA,  so  set  the  switch  to  the  half¬ 
watt  position.  Using  an  electronic  volt¬ 


meter,  set  the  2500-ohm  potentiome¬ 
ter  so  that  the  voltmeter  indicates  0 
volts,  then  install  the  test  diode  be¬ 
tween  binding  posts  as  shown.  Slowly 
turn  the  potentiometer  and  note  the 
increase  in  the  voltmeter  reading.  If 
the  zener  is  OK,  you  will  reach  a  point 
where  any  further  rotation  of  ’he  pot 
will  produce  no  increase  in  the  volt¬ 
age.  This  is  the  zener  v  •Itige.  For 
some  higher-powered  zener:;  might 
be  necessary  to  set  the  switch  lo  one 
watt,  if  a  run  in  the  hni'-watt  setting 
indicates  no  zenering  act  on. 
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CB  Scene 


By  Len  Buckwalter 


FUNDAMENTAL  BLOCKING 


MOST  next-door  neighbors  will 
take  a  lot  of  guff.  For  instance, 
I’ve  played  my  hi-fi  at  102  dB  after 
midnight,  and  none  of  my  neighbors 
has  ever  complained.  (I  can  still  lean 
over  the  back  fence  and  borrow  a  cup 
of  sugar.)  However,  there  is  nothing 
that  enrages  a  neighbor  like  interfer- 
i  ng  with  his  TV  reception.  A  few  micro¬ 
volts  of  CB  signal  in  the  wrong  place 
will  cause  the  local  populace  to  raise  a 
furor  that  will  make  you  want  to  move 
to  Broken  Jaw,  Wyoming. 

One  of  the  trickier  causes  of  TVI  is 
not  the  fault  of  the  CB’er  or  his  rig.  It  is 
called  fundamental  blocking. 

When  a  CB  transceiver  is  located 
very  close  to  a  TV  set,  or  if  their  anten¬ 
nas  are  not  many  feet  apart,  a  27-MHz 
carrier  can  be  strong  enough  to 
“side-step”  the  TV’s  tuned  circuits.  It 
is  possible  for  a  powerful  27-MHz  fun¬ 
damental  to  impress  a  voltage  some¬ 
where  in  the  TV  chassis  and  be  rec¬ 
tified  into  video  or  audio  interference. 
The  result:  jellied  Johnny  Carson. 

A  clue  to  distinguishing  fundamen¬ 
tal  blocking  from  second-harmonic  in¬ 
terference  is  the  distribution  of  the 
problem  over  the  TV  band.  Second 
harmonic  tends  to  produce  a  herring- 
bonedesign  on  channel  2.  Fundamen¬ 
tal  blocking  can  tear  the  picture  (or 
sound)  on  any,  or  every,  channel.  The 
effect  varies  from  station  to  station 
because  of  differences  in  TV  signal 
strength. 

The  greatest  victim  of  fundamental 
blocking  is  probably  your  own  TV  set 
because  it  is  so  near.  Since  this  brand 
of  interference  is  cured  at  the  TV  set, 
not  at  the  CB  transceiver,  you  can 
usually  add  the  required  filtering  to 
your  set  and  restore  the  family  peace. 
But  try  to  cure  a  neighbor’s  set  and 
you’ll  need  the  diplomatic  credentials 
of  a  Talleyrand.  The  dilemma  is  that,  if 
you  take  it  upon  yourself  to  install  a 
filter  on  a  neighbor’s  TV,  you'll  proba¬ 
bly  be  blamed  for  every  trouble  that 
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befalls  the  set  for  the  next  decade  — 
from  falling  knobs  to  fly  specks  on  the 
CRT.  No  one  has  yet  figured  out  how 
to  explain,  convincingly,  that  hanging 
a  passive  filter  on  a  TV’s  antenna  ter¬ 
minals  can’t  cause  a  breakdown 
somewhere  else  in  the  receiver. 

An  ironic  twist  to  all  of  this  is  that  the 
FCC  is  on  the  side  of  the  CB’er  when  it 
comes  to  fundamental  blocking.  Lit¬ 
erature  put  out  by  the  Commission 
states  that  most  TVI  is  caused  by  de¬ 
ficiencies  in  TV  receiver  design.  A 
mass-produced  set  simply  doesn’t 
have  sufficient  shielding  and  rejection 
of  signals  beyond  its  tuning  band¬ 
width.  But  try  explaining  that  to  your 
neighbors. 

One  solution  is  to  tell  the  suffering 
viewer  that  some  TV  manufacturers 
offer  high-pass  filters  to  cure  the  prob¬ 
lem.  (Generally,  it’s  a  Drake  TV- 
300-HP.)  The  policy  varies  in  the  in¬ 
dustry,  but  some  manufacturers  will 
supply  the  component  at  no  charge  to 
a  set  owner  upon  req uest.  (Sometimes 
you  can  get  assistance  in  this  matter 
by  inquiring  at  a  local  FCCfield  office.) 
If  the  filter  is  provided,  but  installation 
is  not,  it  is  wise  to  have  the  TV  owner 
get  a  service  technician  to  make  the 
connections.  They  may  involve  remov¬ 
ing  the  back  of  the  set  to  get  at  the 
input  to  the  tuner  (sometimes  neces¬ 
sary  in  bad  cases  of  TVI)  andtheowner 
may  not  like  the  idea  of  your  poking 
around  in  there. 
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Fig.  1.  High-pass  filter. 


Helping  out.  However,  if  your  neigh¬ 
bor  welcomes  any  technical  help  you 
want  to  volunteer,  there  are  ways  to 
deal  with  fundamental  blocking.  The 
easiest  is  to  purchase  a  high-pass  fil¬ 
ter  that  is  made  for  connecting  to  the 
external  antenna  input  terminals  (Fig. 
1).  Try  this  location  before  attempting 
to  put  the  filter  inside  the  set. 

Another  device  you  can  try  is  an  eas¬ 
ily  home-brewed  wave  trap  which  re¬ 
moves  the  CB  signal  at  the  TV  antenna 
terminals.  When  tuned  to  resonance, 
the  trap  is  a  short  circuit  to  the  CB 
signal  but  won’t  affect  TV  signals.  A 
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Fig.  2.  Series-tuned  wave  trap. 

schematic  of  the  trap  is  shown  in  Fig. 
2.  The  coil  is  made  by  closely  winding 
22  turns  of  20-gauge  enamelled  wire 
on  a  V4-in.  form  (a  pencil  will  do).  Strip 
the  enamel  clean  at  both  ends.  The 
tuning  capacitor  is  a  common  trimmer 
rated  at  3-30  pF.  Mount  both  the  coil 
and  capacitor  on  a  small  perforated 
board  about  2  inches  (5.1  cm)  square. 
Attach  a  few  inches  of  twinlead  to  the 
board  and  wire  the  trap  as  shown.  The 
free  ends  of  the  twinlead  connect  to 
the  TV  terminals  along  with  the  regu¬ 
lar  TV  antenna  lead. 

Now  turn  on  the  CB  set  and  watch 
the  interference  on  the  TV  screen. 
With  a  plastic  tuning  tool,  adjust  the 
capacitor  until  it  hits  resonance  on  27 
MHz  and  clears  the  TV  picture.  The 
capacitance  of  your  hand  can  effect 
the  tuning  so  do  it  by  trial  and  error  — 
tune,  take  your  hand  away,  tune  again, 
etc. 

There’s  a  chance  that  you  won't  be 
able  to  null  out  the  CB  signal.  Al¬ 
though  the  values  given  here  should 
work,  distributed  capacitance  and/or 
inductance  in  your  circuit  can  nudge 
the  resonance  point  out  of  the  27-MHz 
band,  beyond  range  of  the  tuning 
capacitor.  This  is  cured  by  adjusting 
the  coil.  Try  spreading  the  coil  turns  to 
reduce  inductance  and  raise  the  trap’s 
frequency. 

Once  in  a  while,  the  coil  will  have 
insufficient  inductance  and  require  a 
few  additional  turns.  It  is  easier, 
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though,  to  try  reducing  the  capaci¬ 
tance  first.  A  good  way  to  determine 
whether  the  trap  is  on  frequency  is  to 
monitor  it  with  a  grid-dip  meter.  As  you 
change  the  circuit  parameters,  the 
meter  should  null  when  the  frequency 
hits  27-MHz  resonance.  As  this  is 
done,  leave  the  tuning  capacitor 
screw  at  its  midrange.  If  you  don’t 
have  a  grid-dip  meter,  use  the  TV 
screen  as  the  measuring  instrument. 
When  the  trap  is  on  frequency,  inter¬ 
ference  should  drop  out.  Then  touch 
up  the  capacitor  adjustment  once 
more. 

Which  Is  Better?  As  to  whether  the 
high-pass  filter  or  the  trap  is  better  for 
reducing  fundamental  blocking,  I’ll 
have  to  duck  the  question.  TVI  is  a 
cantankerous  problem  that  usually 
succumbs  only  to  trial-and-error 
treatment.  The  high-pass  filter  has  the 
advantage  of  attenuating  interference 
below  50  MHz  and  thus  prevents 
blocking  from  police,  fire,  and  other 
services  in  the  low  vhf  band  from  30to 
50  MHz  or  transmitters  active  in  the  h-f 
region.  The  trap,  on  the  other  hand,  is 
inexpensive  to  make  and  can  be  cen¬ 
tered  right  on  the  offending  27-MHz 
CB  signal. 

If  nothing  works,  and  your  neighbor 
threatens  to  tear  down  your  antenna, 
that  is  a  possible  solution.  Moving 
a  CB  antenna  10  or  20  feet  farther 
from  a  TV  antenna  can  take  some 
of  the  punch  out  of  fundamental 
blocking.  <$> 
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The  Mark  VIII  FM  Digital  Tuner  perpetuates  SAE’s  leadership  in  FM  digital  tuners 
established  by  the  SAE  Mark  V1B.  Features  include:  A  quartz-crystal-referenced 
digital  readout  using  an  L-E-D  display;  P-L-L  (phase-locked-loop)  multiplex;  a  five 
gang,  MOS-FET  front  end,  linear-phase  monolithic  IF  filters;  no-thump  F-E-T  muting 
and  switchable  de-emphasis  for  use  with  special  noise  reduction  systems.  We 
invite  you  to  audition  the  Mark  VIII  from  SAE  —  where  innovation  is  a  tradition. 


SAE,  Inc.,  Dept.  73 

P.O.  Box  60271.  Terminal  Annex 

Los  Angeles,  California  90060 


Please  rush  free  information  on  the  Mark  VIII 
by  return  mail. 
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COMPU-TRAINER 


SOLID-STATE  / 
OSCILLOSCOPE 


NTS/HEATH 

GR2000 

Digital 

Solid-State 

Color  TV 

315  sq.  in. 

Picture 


(Simulated  TV  Reception) 


As  an  NTS  student  you’ll  acquire  the  know-how  that 
comes  with  first-hand  training  on  NTS  professional 
equipment.  Equipment  you’ll  build  and  keep.  Our 
courses  include  equipment  like  the  NTS/Heath 
Digital  GR-2000  Solid  State  color  TV  with  first-ever 
features  like  silent  varactor  diode  tuning;  digital 
channel  selection,  (with  optional  digital  clock),  and 
big  315  sq.  in.  ultra-rectangular  screen. 

Also  pictured  above  are  other  units  —  5"  solid  state 
oscilloscope,  vector  monitor  scope,  solid-state  ster¬ 
eo  AM-FM  receiver  with  twin  speakers,  digital  multi¬ 
meter,  and  more.  It’s  the  kind  of  better  equipment 
that  gets  you  better  equipped  for  the  electronics 
industry. 


This  electronic  gear  is  not  only  designed  for  train¬ 
ing;  it’s  field-type  —  like  you’ll  meet  on  the  job,  or 
when  you’re  making  servi.ce  calls.  And  with  NTS 
easy-to-read,  profusely  illustrated  lessons  you  learn 
the  theory  behind  these  tools  of  the  trade. 

Choose  from  12  NTS  courses  covering  a  wide  range 
of  fields  in  electronics,  each  complete  with  equip¬ 
ment,  lessons,  and  manuals  to  make  your  training 
more  practical  and  interesting. 

Compare  our  training;  compare  our  lower  tuition. 

We  employ  no  salesmen,  pay  no  commissions.  You 
receive  all  home-study  information  by  mail  only. 
All  Kits,  lessons,  and  experiments  are  described  in 
full  color.  Most  liberal  refund  policy  and  cancella- 
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TURNTABLES*  SPEAKERS  *  RECEIVERS 
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.  GUARANTEED!  . 
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CIRCLE  NO.  12  ON  READER  SERVICE  CARD 


SAVE! 

MONEY  •  TIME  *  FREIGHT 

QUALITY  STEREO  EQUIPMENT 
AT  LOWEST  PRICES. 

YOUR  REQUEST  FOR  QUOTA¬ 
TION  RETURNED  SAME  DAY. 

FACTORY  SEALED  CARTONS— 
GUARANTEED  AND  INSURED. 

SAVE  ON  NAME  BRANDS  LIKE: 
A.D.C.  KLH 

A.R.  SHURE 

DYNACO  KOSS 

SONY  FISHER 

AND  MORE  THAN  50  OTHERS 
BUY  THE  MODERN  WAY 
BY  MAIL— FROM 

flu 

lllinoi/  audio 

Department  217S 
12  East  Delaware 
l  Chicago,  Illinois  6061 1 

^  .112-664-0020  A 

CIRCLE  NO.  21  ON  REAPER  SERVICE  CARO 


Tips  &Techniques 


CALIBRATOR  FOR  VOM’s 

If  you  are  unsure  of  the  accuracy  of  your 
VOM,  here’s  a  simple  calibrator  with  which 
you  can  check  performance  on  the  voltage, 
current,  and  resistance  scales.  Mercury 
cells,  which  keep  a  fairly  constant  output 
voltage  across  their  terminals,  and  preci¬ 
sion  (1%)  resistors  are  used.  The  voltage 
standard  consists  of  B1 ,  a  4.2-V  mercury 


battery  (VS-133  or  equivalent).  A  standard 
current  source  of  42  mA  is  derived  from  a 
mercury  cell/precision  resistor  series 
combination.  This  same  resistor  (100 
ohms)  is  used  as  a  LOW  OHMS  standard, 
while  a  10.1-kilohm  precision  resistor  pro¬ 
vides  a  HIGH  OHMS  calibration  point.  Re¬ 
sistors  should  be  capable  of  dissipating  at 
least  V4W.  Switch  SI  is  a  3P4T  model 
(Calectro  E2-166  or  equivalent). 

-Donald  Walton 

FELT  TIPS  AND  TECHNIQUES 

Fine-tip  permanent  markers  (such  as  the 
“Sharpie1’  by  Sanford  Corp.)  have  many 
applications  in  experimenting.  They  can 
write  on  glass,  so  the  fading  type  numbers 
on  tube  envelopes  can  be  rewritten.  The 
markings  are  waterproof,  so  hand  perspi¬ 
ration  won't  obliterate  them.  Acetone  or 
nail  polish  remover  will  erase  the  charac¬ 
ters.  Another  application  is  in  drawing  lines 
on  prototype  pc  boards  instead  of  using 
inconvenient  fayouttape.  The  markings  are 
also  resistant  to  pc  board  etchant  as  well  as 
layout  tape.  If  you’re  imaginative,  no  doubt 
you  can  think  of  other  useful  applications. 

-Gerry  Barnett 

ORDINARY  TYPING  ERASER 
SAFELY  CLEANS  PC  BOARDS 

The  raw  copper  conductor  patterns  on 
non-plated  printed  circuit  boards  have  a 
habit  of  oxidizing  rather  quickly.  The  oxide 
often  serves  as  a  barrier  that  prevents  sol¬ 
der  from  flowing  properly  around  the  pads 
to  which  leads  are  to  be  soldered.  To  avoid 
this  problem,  you  could  use  steel  wool  as 
the  oxide  removing  agent.  However,  the 


safer  approach  and  sirnplertool  to  use  is  an 
ordinary  typing  eraser.  The  abrasive  in  the 
eraser  is  likely  to  remove  a  great  deal  less 
of  the  copper  than  does  steel  wool.  And  the 
eraser  comes  with  its  own  built-jn  brush 
that  cah  be  used  to  sweep  away  the  residue 
after  erasing  is  completed. 

— Steve  Sekel 

MAGNETIC  HOLDER  FOR  SOLDERING  PENCILS 

A  soldering  pencil  is  ideally  suited  for  pc 
work,  but  it  can  be  hard  to  keep  in  place  on 
a  workbench.  The  pencil  tends  to  rolf  be¬ 
cause  of  its  round  shape.  To  keep  it 
stationary,  a  magnetic  latch  (sold  in  hard¬ 
ware  stores)  can  be  used.  The  latch  will 
hold  it  securely  in  place,  yet  it  doesn’t  slow 
down  soldering  time. 

— Thomas  Fox 

SOLDERING  BNC  CONNECTORS 

Here's  an  easy  and  neat  way  to  solder  BNC 
connectors.  Instead  of  fanning  out  the 
cable  braid,  wind  12  turns  of  No.  18  or  20 
wire  over  a  %-in.  (9.5-mm)  length  of  braid, 
starting  about  3A  in.  (19.1-mm)  from  one 
end  of  the  wire.  Apply  solder  to  this  coil. 


Bend  the  %-in.  (19.1-mm)  lead  down 
alongside  the  cable  jacket.  Finally,  slide 
the  male  section  of  the  BNC  over  the  y4-in. 
(19.1-mm)  lead  (with  which  it  should  make 
a  good,  tight  contact)  until  it  lines  up  with 
the  top  of  the  coil.  Proceed  with  the  rest  of 
the  standard  technique. 

-Raul  Lopez 

PLASTIC  SCREW  ANCHORS  MAKE 
INSULATED  HEAT-SINK  MOUNTS 


In  some  circuits,  mounting  the  heat  sinks 
for  SCR's  and  power  transistors  presents  a 
problem  because  the  cathode  or  collector 
must  be  isolated  from  the  chassis  to  which 
the  heat  sink  is  to  be  secured.  Obviously,  a 


good  nonconducting  anchor  must  be 
found,  and  almost  made  to  order  are  the 
plastic  screw  anchors  sold  in  any  hardware 
or  houseware  store.  These  anchors  pro¬ 
vide  sturdy  support  for  the  heat  sink  while 
maintaining  electrical  isolation  from  the 
chassis.  Anchors  designed  for  9/32-in. 
(7,14-mm)  holes  work  well  with  No,  4 
through  No.  6  hardware.  They  can  be  cut  to 
length  as  required. 

— David  Kraeufer 

POPULAR  ELECTRONICS 


Electronics  Library 


LEARNING  ABOUT  SYNTHESIZERS 

by  J.  Linton 

The  introductory  manual  contains  a  brief 
history  of  electronic  music,  a  discussion  of 
how  a  synthesizer  works,  and  lists  of  syn¬ 
thesizer  manufacturers  and  of  some 
groups  using  synthesizers.  Tips  are  given 
on  selecting  a  synthesizer,  and  a  list  of 
reading  sources  and  music  trade 
magazines  is  given.  A  glossary  of  elec¬ 
tronic  music  terms  will  be  valuable  to  those 
not  acquainted  with  this  field. 

Published  by  Music  Studios ,  South  Village 
Square,  Amherst,  MA  01002.  23  pages  (8W 
x  IV')*  $5.00  soft  cover. 

ELECTRONIC  DATABOOK— A  GUIDE  FOR 
DESIGNERS  (2nd  Edition) 

by  Rudolf  Graf 

Designers  active  in  many  fields  will  find 
some  useful  information  in  this  volume. 
Data  covering  frequency  allocations, 
modes  of  communication,  representative 
communications  systems,  passive  compo¬ 
nents  and  circuits,  active  components  and 
amplifier  configurations,  mathematical  re¬ 
lationships,  formulas,  and  symbols,  and 
physical  configurations  of  components  are 
included  Many  monographs,  tables,  and 
curves  are  reproduced. 

Published  by  Van  Nostrand  Reinhold  Co., 
450  W \  33rd  SL(  New  York,  NY  10001 ,  312 
pages  (8V2"  x  11";.  $10.95 

PRACTICAL  DIGITAL  ELECTRONICS— AN 
INTRODUCTION 

by  Juris  Blukis  and  Mark  Baker 

In  a  world  where  computers  and  data 
communications  are  becoming  ever  more 
important,  a  knowledge  of  digital  logic  and 
circuits  is  desirable.  This  two-volume  set, 
prepared  by  the  Hewlett-Packard  Company 
will  provide  an  introduction  to  this  field. 
Suitable  for  secondary  schools  and  higher 
levels,  the  text  and  laboratory  workbook 
aim  at  giving  the  student  a  working  know¬ 
ledge  sufficient  to  prepare  for  trou¬ 
bleshooting  or  maintaining  digital  elec¬ 
tronic  equipment,  including  calculators, 
computers,  digital  instruments,  and  data 
communications  equipment,  The  set  is  re¬ 
cent  enough  to  treat  CMOS  and  LSI,  while 
providing  a  simple  explanation  of  binary 
logic. 

Published  by  Hewlett-Packard  Co.,  1501 
Page  Mill  Road,  Palo  Alto,  CA.  94304. 8Y z"  X 
11".  Text  and  Workbook  $8.00  each . 


SPECIALIZED  COMMUNICATIONS  TECHNIQUES 
FOR  THE  RADIO  AMATEUR 

edited  by  the  ARRL  Staff 

The  more  “exotic”  communications  tech¬ 
niques  employed  by  radio  amateurs  are 
described  in  this  new  book.  Seven  chap¬ 
ters  make  up  the  volume,  covering  Com¬ 
munications  Techniques,  Amateur  Televi¬ 
sion,  Slow-Scan  Television,  Facsimile, 
Radioteletype,  Space  Communication,  and 
Advanced  Techniques.  Hardware  for  each 
type  of  communications  system  is  de¬ 
scribed  and  illustrated,  and  instructions 
are  given  for  modifying  surplus  commer¬ 
cial  gear  for  amateur  use.  The  Facsimile 
chapter  gives  conversion  techniques  for 
Telefax  receivers  and  describes  how  to  re¬ 
ceive  weather-satellite  pictures.  Advanced 
Techniques  such  as  laser  and  digital  com¬ 
munications  are  explained. 

Published  by  the  American  Radio  Relay 
League,  225  Main  St.  Newington,  CT  06111, 
208  pages.  $3.00  soft  cover. 

FM  ATLAS  AND  STATION  DIRECTORY 
(3rd  Edition) 

by  Bruce  Elving 

This  updated  book  presents  frequency, 
program,  and  geographical  information 
about  the  4000  FM  broadcast  stations  lo¬ 
cated  in  North  America.  Data  are  given  on 
program  format,  output  power,  antenna 
height,  stereo  capability,  antenna  polariza¬ 


tion,  operating  frequency  and  call  letters. 
The  introductory  pages  discuss  trends  in 
FM  broadcasting,  four-channel  FM,  illegal 
FM  stations,  translators  and  boosters,  FM 
DXing,  Dolby  circuitry,  and  the  status  of 
AM-FM  all-channel  radio  legislation.  Also 
listed  are  network  affiliations,  and  SCA  ac¬ 
tivities.  The  book  contains  outline  maps 
showing  station  distribution,  and  an  FCC 
chart  for  computing  station  coverage. 
Available  from  FM  Atlas,  Box  24,  Adolph, 
MN  55701 .  96  pages.  $2.50  soft  cover. 

TTL  COOKBOOK 

by  Don  Lancaster 

This  book  explains  what  transitor- 
transistor  logic  (TTL)  is,  how  it  works,  and 
how  to  use  it.  TTL  basics  are  given  in  Chap¬ 
ter  One,  and  a  catalog  of  TTL  devices,  in¬ 
cluding  electrical  and  physical  specifica¬ 
tions,  forms  Chapter  Two.  Logic  is  covered 
in  Chapter  Three,  such  as  one-  and  two- 
input  systems,  tri-state  logic,  and  data- 
selector  logic.  Gate  and  timing  circuits  are 
covered  in  Chapter  Four.  Succeeding 
chapters  discuss  clocked  logic,  flip-flops, 
counters,  shift  registers,  noise  generators, 
and  rate  multipliers.  A  number  of  practical 
applications,  including  digital  counters 
and  test  instruments,  are  described  and  il¬ 
lustrated. 

Published  by  Howard  W .  Sams  &  Co.,  4300 
W ’  62nd  St,  Indianapolis,  IN  46206.  336 
pages.  $8.95  soft  cover. 


SIDETALK 

twins 


Mobile  unit  CB  10QQM  also  features: 

•  Full-size  “S"  meter  for  monitoring  incoming  signal  strength  and  rel¬ 
ative  output  power  strength. 

Base  unit  CB  1D00B  also  features-. 

•  Clock  with  aiann  and  automatic  turn-on  timer. 

•  Multiple  functioning  full  size  meter  for  monitoring: 

•  incoming  signal  strength. 

•  relative  power  output. 

•  antenna  performance. 

•  Engineering  tor  110V  AC  and  12V  DC  applications, 

(  +  )  and  <— ■ )  ground  applications 

CB  1000M  $349.95  CB  1000B  $449.95 

See  one  at  your  dealer  now.  Pickup  the  SIDETALK 
TWINS  to  enjoy  super  communications  power. 

f  f  All  Pace  Communications,  Div.  of  Pathcom  Inc., 24049  S.  Frampton  Ave., 

Harbor  City,  Ca.  90710.  Available  in  Canada  (tom  Supw«H  ttetimmrc  tnA.  62 


•  23  channels  AM  with  lull  4  watts  of  maximum  legal  output  power. 

•  46  channels  SSB  with  full  12  watts  PEP  maximum  legal  output  power. 

•  Switchahle  noise  blanker  circuit  for  suppressing  unwanted  SSB  and 
AM  impulse  noise. 

•  Built-in  PA  circut  with  front  panel  control. 

•  Full  range  RF  gain  control  for  receiver  sensitivity  adjustment. 

•  Clarifier  for  compensating  the  transmitter  frequency  drift  and  error 
of  received  signals. 

•  AM,  LSB  and  USB  mode  status  indicator  lights. 

•  Receive  and  transmit  indicator  lights. 
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ELECTRONICS  MARKET  PLACE 


NON-DISPLAY  CLASSIFIED:  COMMERCIAL  RATE:  For  firms  or  individuals  offering  commercial  products  or  services,  $1.80  per  word  (including  name  and 
address).  Minimum  order  $27.00.  Payment  must  accompany  copy  except  when  ads  are  placed  by  accredited  advertising  agencies.  Frequency  discount;  5%  for  6 
months;  10%  for  1 2  months  paid  in  advance.  READER  RATE:  For  individuals  with  a  personal  item  to  buy  or  sell,  $1 .1 0  per  word  (including  name  and  address.) 
No  minimum!  Payment  must  accompany  copy.  DISPLAY  CLASSIFIED:  1"  by  1  column  (2-1 /4f’  wide),  $215.00.  2”  by  1  column,  $430.00.  3”  by  1  column,  $645.00. 
Advertiser  to  supply  cuts.  For  frequency  rates,  please  inquire. 

GENERAL  INFORMATION:  First  word  in  all  ads  set  in  bold  caps  at  no  extra  charge.  All  copy  subject  to  publisher’s  approval.  All  advertisers  using  Post  Office 
Boxes  in  their  addresses  MUST  supply  publisher  with  permanent  address  and  telephone  number  before  ad  can  be  run.  Advertisements  will  not  be  published 
which  advertise  or  promote  the  use  of  devices  for  the  surreptitious  interception  of  communications.  Closing  Date:  1st  of  the  2nd  month  preceding  cover  date 
(for  example,  March  issue  closes  January  1st.  Send  order  and  remittance  to  POPULAR  ELECTRONICS,  One  Park  Avenue,  New  York,  New  York  10016, 

Mm$m:  H«i.  _ _ 


FOR  SALE 


FREfc!  Bargain  Catalog— I.C.’s,  LED's,  readouts,  fiber 
optics,  calculators  parts  &  kits,  semiconductors,  parts, 
Poly  Paks,  Box  942PE,  Lynnfield,  Mass.  01940. 


GOVERNMENT  Surplus  Receivers.  Transmitters, 
Snooperscopes,  Radios,  Parts,  Picture  Catalog  25  cents. 
Meshna,  Nahant,  Mass.  01908. 

ELECTRONIC  PARTS,  semiconductors”  kits.  FREE  FLYER. 
Large  catalog  $1.00  deposit.  BIGELOW  ELECTRONICS, 
Bluffton,  Ohio  45817. 


JULY  SPECIALS 


DIGITAL 


7404 

7406 

7410 

7437 

7442 

7490 


He*  inverter 
30V  hex  inverter 
Triple  3  input  NANO 
Quad  2  input  NAND  buffer 
BCD  to  decimal  DCDR 
Decade  counter 


16  BIT 

MICROPROCESSOR  CHIPS 


MM5750 

Arithmetic  and  logic  unit  , 


$30.00*a. 


74107  Dual  J-K  flip  flop 
74123  Retrlg  monostbf  mull  .89 

74175  Quad  D  Hip  flop  1.89 

8263  3  input  4  bit  mull  5.99 

8267  2  input  4  bit  mult  2.79 

74C00  Quad  2  input  NAND  gate  .19 

MEMORY 

1103  Fully  decoded  -  1024  bit  static  RAM 

MOS  —  18  pin . .  ...  $1.99 

5200  Fully  decoded  — 1024  bit  dynamic  RAM 
MOS  -  16  pin . .99 

SPECIAL  PURCHASE 
LED  DISPLAY  MAN  3M 

$.25  ea.  5/51.00  8/51.50 


MM5751 

Control  and  read  only  memory 

$40.00  «fl. 

(Imp-16  standard  set  or  extended  set) 


S*t  of  4  MM5750  and  1 
MM5751  . 


$129.00 


CT5005  CALCULATOR  CHIP 

-  chain 

.95  « 


12  digit  —  4  function  with  memory  —  chain 
operation .  , .  . $4.95  aa. 


TTL 


1 0%  Off  on  orders  over  $35.00 
1 5%  Off  on  orders  over  $100.00 
30%  Off  on  orders  over  $350.00 


7400 

$  .19 

7485 

$1.39 

7401 

.19 

7486 

.44 

7402 

,19 

7489 

2.75 

7403 

.19 

7490 

.76 

7404 

.22 

7491 

1.29 

7405 

.22 

7492 

.79 

7406 

,39 

7493 

.79 

7407 

.39 

7494 

.89 

7408 

.25 

7495 

.89 

7409 

.25 

7496 

.89 

7410 

.19 

74105 

.49 

7411 

.29 

74107 

.49 

7413 

.79 

74121 

.57 

7415 

.30 

74122 

.53 

7415 

.39 

74123 

.99 

7417 

.39 

74125 

.69 

7420 

.19 

74126 

.79 

7422 

.29 

74141 

1.23 

7423 

.35 

74145 

1.15 

7425 

.39 

74150 

1.09 

7426 

.29 

74151 

.89 

7427 

.35 

74153 

1.29 

7430 

.22 

74154 

1.59 

7432 

.29 

74155 

1,19 

7437 

.45 

74156 

1.29 

7438 

.39 

74157 

1.29 

7440 

,19 

74161 

1.39 

744) 

1,09 

74163 

1.59 

7442 

.09 

74164 

1.89 

7443 

.90 

74165 

1.89 

7444 

1.10 

74166 

1.65 

7445 

1,10 

74173 

1.65 

7446 

1.15 

74175 

1.89 

7447 

1,15 

74176 

1.65 

7448 

1.15 

74177 

.99 

7450 

.24 

74180 

1.09 

7453 

.27 

74181 

3.65 

7454 

.39 

741B2 

.89 

7460 

.19 

74190 

1.59 

7464 

.39 

74192 

1.49 

7465 

.39 

74193 

1.39 

7472 

.36 

74194 

1.39 

7473 

.43 

74195 

.99 

7474 

.43 

74196 

1.85 

7475 

.75 

74397 

1.15 

7476 

.47 

74198 

2.19 

7483 

1.11 

74199 

2,19 

LINEAR  CIRCUITS 

301  Hi  perf.  op  amp  mDIP 

307  Op  amp  mDIF 

308  Micro-pwr  op  amp  mDIP 

309K  5V  reg  1A  TO-3 

310  V  fotlr.  Op  Amp  mDIP 

311  Hi  perf.  V  comp  mDIP 

319  Hi-speed  dual  comp  DIP 

320  Neg  regulator 

(5V, 5. 2V,  12V, 15V)  T03 

324  Quad  op  amp  DIP 

339  Quad  comp  DIP 

340T  Pos  V  rag  (5V,  6V,  SV, 

12V,  15V.  18V,  24V)  TO-220 
AG-IF  strip  det  DIP 

Pos  V  reg  mDIP 

2  w  stereo  amp  DIP 

2w  audio  amp  DIP 

|  380-8  ,6w  audio  amp  mDIP 

381  Lo  noise  dual  preamp  DIP 


550 

555 

560 

562 

565 

566 
I  567 

709 

710 
723 
739 
741 

747 

748 
1304 
1307 
1458 
1800 
3900 

7524 

7525 


Prec.  V  reg 
Timer 

Phase  locked  loop 
Phase  locked  loop 
Phase  locked  loop 
Function  gen 
Tone  Decoder 
Op  amp 

Hi  speed  V  comp 
Volt  reg. 

Dual  hi  perf  amp 
Comp,  op  amp 
Dual  741 
Freq  adj  741 
FM  mux  st  demod 
FM  mux  st  demod 
Dual  Comp  op  amp 
Stereo  Multiplexer 
Quad  amp 

Core  mem  sense  amp 
Cora  mem  sense  amp 

75451  Dual  pH,  driver 

75452  Dual  pH.  driver 

75453  Dual  pH,  driver 

75491  Quad  sriq  driver 

75492  Hex  dig.  driver 


DIP 

mDIP 

DIP 

DIP 

DIP 

mDIP 

mDIP 

DIP 

DIP 

DIP 

DIP 

mDIP 

DIP 

mDIP 

DIP 

DIP 

mDIP 

DIP 

DIP 

DIP 

DIP 

mDIP 

mDIP 

mDIP 

DIP 

DIP 


Satisfaction  is  guaranteed.  Shipment  will  be  made  via  first  class 
mail  —  postage  paid  —  in  U.S.,  Canada  and  Mexico  within  three 
days  from  receipt  of  order.  Minimum  order  —  $5.00.  California 
residents  add  sales  tax. 


INTERNATIONAL  ELECTRONICS  UNLIMITED 

(408)659-3171  P.O.  BOX  1708  MONTEREY,  CALIF.  93940  USA 


POCKET 
CALCULATOR 
KIT 

5  function  plus  constant  — ' 
addressable  memory  with 
individual  recall  —  B  digit 
display  plus  overflow  — 
batterv  saver  —  uses  standard 
or  rechargeable  batteries  —  all 
necessary  parts  in  ready  to 
assemble  form  —  instructions 
included.  3”  x  5'<"  ,  . 
ASSEMBLED  . 


LINEAR 


.  $19.99 

$24.99 


8008  CENTRAL 
PROCESSING  UNIT 

8  bit  microcomputer  capability  —  16  pin  DIP 

$44799  •a. 


3D1 

311 

Hi  perl  amp 

Volt  comp. 

mDIP 

mDIP 

5.19 

.79 

555 

Timer 

mDIP 

.89 

567 

Tone  decoder 

mDJP 

2.75 

3900 

Quad  amp 

DIP 

,33 

75453 

Dual  per.  dm 

mDIP 

..10 

MEMORIES 


5261 

5262 


256  bit  RAM  MOS 

$1.75 

1024  bit  RAM  MOS 

3.95 

1024  bit  static  RAM 

6.95 

2048  bit  UV  eras  PROM 

19.95 

1024  bit  RAM 

2,95 

1024  bit  RAM 

2.95 

2048  bit  RAM 

7.95 

64  bit  ROM  TTL 

2.75 

Programmable  ROM 

256  oit  RAM  tri-state 

3.95 

7.95 

CALCULATOR  & 
CLOCK  CHIPS 

|  5001  12  DIG  4  funct  fix  dec 

5002  Same  as  5001  exc  btry  pwr 
5005  12  DIG  4  fund  w/mem 

MM 57 25  8  DIG  4  funct  chain  A  dec 
MMS736  18  pin  6  DIG  4  funct 
MM5738  8  DIG  5  funct  K  &  Mem 
MM5739  9  DIG  4  funct  (btry  sur) 

MM5311  28  pin  BCD  6  dig  mux 
MM5312  24  pin  1  pps  8GD  4  dig  mux  4.45  I 
MM5313  28  pin  1  pps  BCD  6  dig  mux  4.95  I 
MM5314  24  pin  6  dig  mux  4.95  J 

LMM5116  40  pin  alarm  4  dig  'S.ft 


LED  S  AND 
OPTO  ISOLATORS 


MV10B 

MV50 

MV5020 

ME4 

MAN1 

MAN2 

Mzm 

WAN* 

MANS 

DL7D7 

r*CT2 


Red  TO  18 

$  .25  da. 

Axial  leads 

.20 

Jumbo  visible  red 

.25 

Infra  red  diff.  dome 

.60 

Red  7  seg.  ,270” 

2.50 

Red  alpha  num  .32” 

4.95 

Red  7  seg.  ,190'' 

2.15 

Green  7  Seg,  ,270” 

2.95 

Red  7  seg,  ,270” 

1.35 

Yellow  7  seg.  .270” 

3.95 

60”  high  dir,  view 

4.65 

Red  7  seg.  .3” 

2.15 

Opto-iso  transistor 

.69  J 

CMOS 

4000  AE  $.40 

4019  AE  $2.10 

4066  AE  $1.05 

4001  AE 

.40 

4020  AE 

2.20 

4068  AE 

,40 

4002  AE 

.40 

4021  AE 

2.05 

4069  AE 

.40 

4006  AE 

1-75 

4023  AE 

.40 

4071  AE 

.40 

4007  AE 

.40 

4024  AE 

1.45 

4072  AE 

.40 

4008  AE 

2.45 

4025  AE 

.40 

4073  AE 

.40 

4009  AE 

.80 

4027  AE 

1.20 

4075  AE 

.40 

4010  AE 

.80 

4028  AE 

1.75 

4078  AE 

.40 

4011  AE 

.40 

4030  AE 

.85 

4081  AE 

.40 

4013  AE 

.80 

4042  AE 

1.90 

4082  AE 

Jl 

86 


CIRCLE  HO.  22  ON  READER  SERVICE  CARD 


LOWEST  Prices  Electronic  Parts.  Confidential  Catalog 
Free.  KNAPP,  3174  8th  Ave.  S.W.,  Largo,  Fla.  33540. 


RADIO— T.V.  Tubes— 36  cents  each.  Send  for  free  catalog. 

Cornell,  4213  University,  San  Diego,  Calif.  92105, _ 

AMATEUR  SCIENTISTS,  Electronics  Experimenters, 
Sciance  Fair  Students. .  .Construction  plans— Complete, 
including  drawings,  schematics,  parts  list  with  prices  and 
sources.  ..Robot  Man  —  Psychedelic  shows  —  Lasers  — 
Emotion  /Lie  Detector  —  Touch  Tone  Dial  —  Quadraphonic 
Adapter  —  Transistorized  Ignition  —  Burglar  Alarm  — 
Sound  Meter... over  60  items.  Send  25  cents  coin  (no 
stamps)  for  complete  catalog.  Technical  Writers  Group, 

Box  5894,  University  Station,  Raleigh,  N.C.  27607. _ 

METERS— Surplus,  new  used,  panel  or  portable.  Send  for 

list.  Hanchett,  Box  5577,  Riverside,  CA  92507. _ 

WE  SELL  CONSTRUCTION  PLANS.  TELEPHONE: 
Answering  Machine,  Speakerphone,  Carphone, 
Phonevision,  Auto  Dialer,  Touch  Button  Dialer,  Central 
Dial  System.  TELEVISION:  $35.00  Color  Converter,  Video 
Tape  Recorder.  $25.00  Camera.  HOBBYIST:  Electron 
Microscope,  96  Hour  Tape  Music  System,  Ultrasonic  Dish¬ 
washer,  Radar-Oven,  Plans  $4.95  each.  NEW  ITEM:  $75. 
Electronic  Pocket  Calculator,  $7.50.  COURSES:  Telephone 
Engineering  $39.50,  Detective  Electronics  $22.50, 
Integrated  Circuit  Engineering,  $49.50.  NEW  SUPER 
HOBBY  CATALOG  plus  year's  subscription  to  Electronic 
News  Letter  AIRMAILED  $1.00.  Don  Britton  Enterprises, 

6200  Wilshire  Blvd.,  Los  Angeles,  Calif.  90048. _ 

MECHANICAL,  ELECTRONIC  devices  catalog  10  cents. 
Greatest  Values  —  Lowest  Prices.  Fertik’s,  5249  ”D"t 

Philadelphia,  Pa.  19120. _ 

SOUND  SYNTHESIZER  KITS— Surf  $12.95,  Wind  $12.05, 
Wind  Chimes  $17.95,  Electronic  Songbird  $6.95,  Musical 
Accessories,  many  more.  Catalog  free.  PAIA  Electronics, 

Box  J 14359,  Oklahoma  City,  OK  73114. _ 

BUGGED???  New  locator  finds  them  fast.  Write,  Clifton, 
11500-L  N.W.  7th  Avenue,  Miami,  Florida  33168. _ 


- DISCOUNT  PRICES  - 

B  &  K,  SENCORE,  LEADER  and  RCA 
Test  Equipment 

RAYTHEON,  ICC/  MULL  A  R  D  Tubes 
TELEMATIC  Test  Jigs 

Free  Catalog 

F0RDHAM  RADIO  SUPPLY  C0.f  INC. 

;  558  Morris  Ave.  •  Bronx,  N.Y.  10451 j* 


FREE  CATALOG.  Parts,  circuit  boards  for  POPULAR 
ELECTRONICS  projects.  PAIA  Electronics.  Box  C14359, 

Oklahoma  City,  OK  73114. _ 

YOU  WILL  SAVE  BIG  MONEY!  Surplus,  Clearouts, 
Bankruptcy,  Inventory,  Deals.  Catalog  $1  (redeemable). 
ETCOA  Electronics,  Box  741,  Montreal,  H3C  2V2,  U.S. 
inquiries. 

TELEPHONE  "BUGGED”?  Countermeasures  Brochure 
$1.00,  Negeye,  Drawer  547,  Pennsboro,  W,  VA  26415. 
HEAR  POLICE/FiRE  Dispatchers!  Catalog  shows 
exclusive  directories  of  “confidential”  channels,  receivers. 
Send  19  cent  stamp.  Communications,  Box  56-PE, 

Commapk,  N.Y,  11725. _ 

CONVERT  any  television  to  sensitive,  big-screen  oscillo¬ 
scope.  Only  minor  changes  required.  No  electronic  ex¬ 
perience  necessary,  illustrated  plans.  $2.00.  Sanders. 

Dept.  A-33,  Box  92102,  Houston,  Texas  77010. _ 

CD  IGNITIONS,  VHF/UHF  monitors,  crystals,  CB  radios, 

Southland,  Box  3591 -B,  Baytown,  Texas  77520. _ 

CRYSTALS,  Scanners,  $3.88,  include  make  and  frequency. 
G  Enterprises,  P.O.  Box  461PC,  Clearfield,  UT  84105. 
ALPHA/THETA  BRAINWAVE  brofeedback  instruments. 
Analog  instruments  from  $125;  digital  processing  systems 
from  $225.  BioScan,  Box  14168-E,  Houston,  Texas  77021. 
SURPRISE!  Build  inexpensively,  the  most  Unusual  Test 
Instruments,  Futuristic  Gadgets  using  Numerical 
Readouts!  Catalogue  Free!  GBS,  Box  100A,  Green  Bank, 

West  Virginia  24944,  _ 

TELEPHONES  UNLIMITED,  equipment,  supplies.  Catalog 
50  cents.  Box  1654E,  Costa  Mesa,  Calif.  92626. 


POPULAR  ELECTRONICS 


Altaj  Electronic  Bargains 


PRICES  SLASHED!  WE  WANT  YOUR  BUSINESS.  SATISFACTION  GUARANTEED  ON  EVERY  ITEM 


$2*95  ^  #BR13251  Neon  7  segment  readout. 

^ _ ^ _ L.  Latest  desrgn  for  calculators,  etc.  Re* 


CALCULATOR  BASIC  KIT  WITH  T|  CHIP 
Includes  case  with  matching  all  function 
keyboard,  and  9  digits  of  LED  readouts 
plus  a  Texas  Instruments  TMS  103  NC 
calculator  chip.  (Same  style  chip  as  in  Tl 
|  Datamath  calculator).  All  the  basics  for 
'  building  your  own  hand  held  calculator. 
Special  —  $9.95  Quantity  Limited. 

Now  Includes  P.C.  Board _ 

3  DIGIT  LED  READOUT  ARRAY 

}  Like  Litronix  DL-33.  3  MAN-3  style  read- 
\  outs  in  one  package.  Factory  new  units 
^  Designed  *or  calculators.  Special  — 
$1.39  (3  Digits) 


BURROUGHS  PANAPLEX  II 
12  DIGIT  READOUT 


#BR13251  Neon  7  segment  readout. 
Latest  design  for  calculators,  etc.  Re¬ 
quires  160  VDC.  Right  hand  decimals. 
Brand  new.  factory  fresh.  We  include 
mating  socket  FREE. 

NOTE:  With  purchase  of  above  readout 
array  we  offer  motorola  2N5401  PNP  High 
Voltage  driver  transistor  for  10#  each. 


LM309K 

TO-3  Case.  1  AMP  5  VDC 
Voltage  Regulator.  Brand  New 
By  National  $i.ig 


LITRONIX  DL 
READOUTS 

.30  IN. CHAR.  Common  Anode. 

SPECIAL  —  $1.19 


CALCULATOR  CHIP  BONANZA 
PRICES  SLASHED! 

The  newest  and  easiest  to  use  chips 
available  today.  Made  by  famous  US  mfg. 
All  are  28  pin  DIP.  Features:  direct  LED 
segment  drive,  low  power  consumption, 
internal  keyboard  debounce,  internal 
clock  oscillator,  single  supply  voltage, 
internal  keyboard  encoding,  and  floating 
decimal  point.  Does  not  require  many 
externa!  components  as  do  older  types 
like  CT5001 , 5002,  5005,  etc.  We  offer  the 
most  sophisticated  functions  for  the 
lowest  price  anywhere. 

Chip  #1—8  Digit,  Constant.  Six  Func¬ 
tion  (+  ,  x,  +  ,  %,^T)  —$3.95 
Chip  #2  —  8  Digit,  Memory,  Six  Function 
+  ,-sr.^O  —  $4.95 

Chip  #3  —  8  Digit,  Memory,  Six  Function 
(  +  ,  x,  +  ,  %,  1/x)  -  $4.95 


8008  MICROPROCESSOR 

Computer  on  a  chip.  8  Bit 
Parallel  CPU.  Can  address  16k 
x  8  bits  of  memory.  With 
specs.  Factory  tested  units. 
$34.95 


2102-1 K  RAM's  for  above  — 
$4.95  or  8  For  $30 


TTL  SUPER  SPECIAL 

74121  -  ONE  SHOT  4/$1 


DIGITAL  ALARM  CLOCK  1C 
The  newest  and  easiest  to  use  alarm  chip 
on  the  market  today.  Features: 

1.  Single  supply  voltage. 

%2.  LED  Intensity  control 
3.  Simple  time  set. 

4.  4  or  6  Digit  LED  Display 
5.  AM-PM  Indication 
6.  24  Hr.  Alarm. 

7.  10  minute  snooze. 

8.  Outperforms  MM5316 
Order  #70250  -  $6.95  (2  FOR  $12) 


CMOS 


MM5314  NATIONAL  CLOCK  CHIP 
The  most  popular  clock  chip  around.  We 
made  a  huge  special  purchase  of  factory 
fresh,  prime  units.  Lowest  price  in  USA. 
24  Pin  DIP.  4  or  6  Digits.  With  Specs. 

$3.95 


CT7001  BY  CAL-TEX 

Digital  alarm  clock  chip  with  calender 
feature.  4  or  6  digits.  Also  has  timing 
circuitry  for  radio  ON-OFF  control  fac¬ 
tory  fresh. 

$6.95 


JUMBO  LED  READOUT 
Twice  the  size  of  regular  readouts.  .65 
inches.  Like  Litronix  DL747.  Outperforms 
and  easier  to  read  than  SLA-3,  only  20 
MA  per  segment.  Our  best  readout  for 
digital  clocks. 

$2.95  ea  (6  FOR  $15)  Common  Anode 


LINEAR  1C  SPECIALS 

555V-75C  567V-S1 .95  723CH-59C  741  CV-39c 
LM324  by  National  —  Quad  741Cinone  DIP  —  $1.79 


PRIME  TTL  DIPIC’S 


7400-1 6c 
7402-1 6c 
7404-1 6c 
7406-24C 
7408-1 6c 
7410-1 6c 
741 3-49C 
7420-1 6c 
7427-24C 
7430-1 6c 
7437-39C 
7438  35c 
7440-1 6c 
7442-69C 
7447-89C 


7448 -89c 
7453-1 6c 

7473- 37C 

7474- 37C 

7475- 65C 

7476- 39C 
7483-85C 
7490-69C 

7492- 75C 

7493- 75C 

7495- 75C 

7496- 75C 
741 21 -38c 
74123-75C 
741  50-70c 


741 51 -75c 

741 53-89C 

74154-95C 

741  57-99c 

741 61 -99c 

74163-1.19 

74164-1.29 

741 Q5-1 .49 

74174-1.29 

74175-1.39 

74181-2.75 

74192-1.25 

74193-1.25 

74195-79C 

74197-79C 


COMPUTER  BOARD  BONANZA 
We  bought  over  4  tons  of  assorted 
boards.  Contains  TTL.  diodes,  tran¬ 
sistors.  etc.  5  board  assmt.  with  150 
to  250  IC  S  — $3.95 

P  &  B RELAYS 

4P.D.T  Miniature  Size 
24V DC  Coil  —  1 .49 
115V AC  Coil  —  1.79 


JULY  1975 


CD4001  -  33c 
CD4002  -  33c 
CD4009  -  69c 
CD4011  -  33c 
CD401 2  -  33c 
CD4016  -  69c 


«'Y>-  4  W  * 

Ctr 


CD4017  -$1.39 
CD4030  -  59c 
74C02  -  39c 
74C04  -  39c 
74C107  -  $1.49 


12VDC  REED  RELAY 

FILTER  CAPS 

Coil  is  500  OHM.  SPST-No. 

1000 

MFD  16VDC  upright 

$1.49  Sub-Mini. 

style. 

4  FOR  $1 

\A  DIGITAL  WRIST 

WATCH  CRYSTAL 

Brand  new,  mfg.  by  CTS-KNIGHT.  32.768 
KHZ.  Standard,  most  popular  type. 
Special  $1.95 

COLOR  ORGAN  CONTROL  MODULE 
Completely  seM-contained  Has  SCR 
circuitry.  AC  line  cord,  etc  From  a 
close  out  by  a  mfg  of  color  organs. 
New.  unused 

$1.95 


GE  POWER 

TRANSISTOR  ASSORTMENT 
Plastic  power  devices.  Includes  NPN  and 
PNP.  darlingtons.  high  voltage,  high 
current,  and  various  other  types.  Cases 
are  color  coded  for  easy  sorting.  Un¬ 
tested  but  includes  many  useable  units. 

SPECIAL  -  20  FOR  $1 


1024  BIT  SIGNETICS  P-ROM 
82S1 291-256X4  bipolar,  field  pro- 
gramable  ROM.  Fully  TTL  compa¬ 
tible.  50  ns.  max  address  access 
time.  Much  faster  than  MOS  type 
units.  Perfect  for  code  conver¬ 
sions,  microprogrammers,  hand- 
wired  algorithms,  controllers,  etc. 
With  specs.  Regular  $35  ea. 
SPECIAL  —  3.95 
BEST  MEMORY  BUY  IN  USA! 


>  MAN-3  LED  READOUTS 

1  Brand  new,  factory  prime  units.  .12  In. 
character.  Common  cathode.  Perfect  for 
calculators.  39cea.  Best  Price  Any¬ 
where! 


1  AMP  RECTIFIER  RIOT! 

We  bought  over  10  million 
pieces  untested.  1N4000 
series.  Also  a  few  1  watt 
ZENERS  mixed  in.  Sample 
tests  show  this  lot  contains 
many  useable  devices,  some 
even  up  to  1  KV.  Sold  as  is 
assorted,  but  you  will  be 
happy.  100  PCS  —  $1 .29 
500  PCS  -  $4.95 


Free  28  Pin  Socket  with  purchase  of 
any  clock  or  calculator  chip. 

$1  VALUE-FREE  BONUS 


POCKET  CALCULATORS 
8  Digit.  LED  various  styles. 
These  are  complete  units,  but 
are  customer  returns  for  vari¬ 
ous  reasons.  We  got  these 
from  the  mfg.  and  have  not 
checked  them  out  or  culled 
through  them.  Includes  4,  5, 
and  even  6  functions.  No 
choice.  A  super  value  just  for 
parts. 

SPECIAL  -  $7.95 

Sorry  —  no  Data  Available 
—  Sold  as  Is  — 


7805  STYLE  REGULATORS 
TO-220  Plastic  Case  5VDC  Regulator. 
Brand  New  by  National  —  99c 


8038  FUNCTION  GENERATOR 

Brand  new  Voltage  con¬ 

trolled  oscillator.  Has  sine, 
square  wave,  and  triangular  out¬ 
puts.  $4.50  each. 

IN414B  DIODES 

High  speed  switching  diodes. 
Brand  new  units,  however,  leads 
are  cut  and  bent  for  PC  board 
insertion,  still  plenty  long.  30  For 

$1  MONSANTO  COLOftlS 

READOUTS 

.27  IN.  Character.  Common 
Anode 

MAN  5  —  GREEN  -  $1.29 
MAN  8  -  YELLOW  -  $1.29 

PHASE  LOCKED  LOOP 
565A  by  Signetics.  Extemely 
stable.  High  linearity,  wide  fre¬ 
quency  range.  TTL  compatible. 
Perfect  for  tone  decoders.  FSK, 
SCA  receivers,  frequency  multipli¬ 
cation  and  division  —  $1,75. 

WITH  SPECS 


MOTOROLA  POWER 
TRANSISTOR 

MJ3029  —  T03  Case  —  NPN 
Silicon  High  Voltage  —  VCEO 
—  250V  Used  in  horiz.  and  vert. 
TV  Circuits.  Regular  Price  $4.  Our 

Price  95c _ _ 

ELECTROLYTIC  CAPACITORS 
10MFD  25WVDC  - 
Upright  —  7c 
50MFD  15WVDC  — 

Upright  —  10c 
50MFD  15WVDC  — 

Axial  —  10c 
100MFD  15WVDC  — 

Upright  —  14c _ 

PLASTIC  SILICON 
TRANSISTORS 

Use  for  drivers  in  clock  or  calcu- 


MPS2714  —  NPN 
MPS3704  —  NPN 
2N  3904  —  NPN 
2N  3906  —  PNP 
2N  4249  —  PNP 


your 

CHOICE 
6  FOR  $1 
ALL  NEW 
UNITS 


t  FACTORY  NEW  LED'S 

Jumbo  Red-Like  MV5024-8/$1 
Jumbo  Green-Like  MV5222-5/$1 
Jumbo  Yellow*5/$1 
Mini  Red-Like  MV50-10/$1 


ZENERS 

IN746  -  400MW  -  3.3V 
IN752  —  400MW  -  5.6V 
YOUR  CHOICE 

6  FOR  $1 _ 

TTL  1C  ASSORTMENT 
Various  types.  Most  are  marked.  Our  best 
selling  assortment.  Untested  but  in¬ 
cludes  many  useable  devices. 

200  PCS  FOR  $3.05 


Our  lower  prices  and  superior  quality 
have  made  ALTAJ  one  of  the  fastest 
growing  electronic  suppliers  in  the  USA. 
Put  your  trust  in  our  unconditional 
money  back  guarantee. 


ALTAJ  ELECTRONICS 
P.O.  BOX  38544 
DALLAS.  TEXAS  75238 

TERMS:  Check  or  money  order.  No  COD. 
Add  10%  Pstg.  and  Hdlg.  Tex  Res.  add 
5%. 


CIRCLE  NO.  6  ON  READER  SERVICE  CARD 


Announcing  the 

NEW  STANDARD 
in  Stereo  Testing! 

The  All-New  Model 
SR12  STEREO  TEST 
RECORD^ 

^fecpr^-*\ 


LobHOW® 


..••sssss. 

s3&*r. 


The  most  complete... 
most  sophisticated... 
most  versatile  Test  Disc 
available  today... 

For  Just  ! 

Who  needs  the  New  Model  SR12?  You  do. 

Whether  you’re  an  avid  audiophile,  a  casual 
listener,  or  a  professional  technician  .  .  . 
the  new  MODEL  SR12  will  be  the  most  im¬ 
portant  disc  in  your  entire  collection.  MODEL 
SR12  has  been  produced  by  Stereo  Review 
Magazine  for  music  lovers  who  want  imme¬ 
diate  answers  to  questions  about  the  per¬ 
formance  of  their  stereo  systems  and  how 
to  get  the  best  possible  sound  reproduction. 

It  is  the  most  complete  test  record  of  its 
kind— containing  the  widest  range  of  checks 
ever  included  on  one  test  disc. 

Make  these  important  stereo  checks  BY 
EAR  .  .  .  (no  test  instruments  required) 

•  Frequency  response  •  Separation  •  Cart¬ 
ridge  tracking  •  Channel  balance  •  Hum 
and  rumble  •  Flutter  •  Cartridge  and  Speaker 
Phasing  •  Anti-Skating  Adjustment  •  “Gun 
Shot  Test”  for  Stereo  Spread  •  Multi-purpose 
Musician's  “A"  •  Equal-tempered  Chromatic 
Octave  •  Guitar-tuning  Tones. 

Attention  professionals:  For  the  ultimate  in 
stereo  testing,  7  critical  TEST  EQUIPMENT 
checks  .  .  . 

•  1,000-Hz  square  waves  to  test  transient  and  high-frequency  response 
of  phono  pickups. 

•  500  to  20,0(50  Hz  frequency-response  sweep. 

•  Sine-wave  tone-bursts  to  test  transient  response  of  pickup. 

•  Intermediation  test  using  simultaneous  400-Hz  and  4,000-Hz  signals, 

•  IntermoduJation  sweep  to  show  distortion  caused  by  excessive  res¬ 
onances  In  tone  arm  and  cartridge. 

•  1.000-Hz  reference  tones  to  determine  groove  velocity. 

•  3.Q00-H2  tone  for  flutter  and  speed  tests. 

Sample  waveforms— illustrating  both  accurate  and  faulty  responses  are 
provided  in  the  Instruction  Manual  for  comparison  with  the  patterns 
appearing  on  your  own  oscilloscope  screen. 

FREE  Instruction  Manual  Includes  Detailed 
Instructions,  Charts,  Tables  and  Diagrams 

CHARGE  YOUR  ORDER  TO  YOUR  AMERICAN  Fj3  (■■■S 
‘  EXPRESS,  BANKAMERICARD,  MASTER  1  j 

CHARGE  OR  DINERS  CLUB  ACCOUNT. 


Ziff-Davis  Service  Division,  Dept.  R, 

595  Broadway,  New  York,  N.Y.  I0Q12.  PE-75 

□  Please  send  the  SR.12  Stereo  Test  Record  @ 
$5.98,  postpaid  ($8  outside  U.S.A.). 

S  Enclosed  is  $ - -  (Residents  of 

lit.,  CoL,  Fla.,  III.,  Mich,,  Mo.,  N.Y.  State, 
D.C.  and  Tex.  add  applicable  sales  tax.) 

□  CHARGE: 

□  BankAmericard  Q  Master  Charge 

□  American  Express  □  Diners  Club 

Account  # - Exp.  Date _ 

Master  Charge  Interbank  #  _ _ _ 

(4  numbers  over  your  name) 
gfgpsfure _ _  . 

Print  Name _ _ 

Address _ 

City _ State _ Zip _ 


ELECTRONIC  IGNITION:  Capacitor,  transistor,  pointless. 
Auburn  sparkplugs.  Information  10  cents.  Anderson 

Engineering,  Epsom.  N,H.  03234, _ 

WHOLESALE  Scanners,  CB,  Crystals,  Directories, 
SSB/AM,  Catalog  25  cents.  G— Enterprises,  Box  461 P, 

Clearfield,  Utah  fl41P5. _ 

LEARN  DESIGN  TECHNIQUES.  Electronics  Design 
Newsletter.  Digital,  linear  construction  projects,  design 
theory  and  procedures.  Annual  subscription  $6.00,  sample 
copy  $1.00,  Valley  West,  Box  21 1 9-S,  Sunnyvale,  California 
Mil 


DIGITAL  1C  Manual-Latest  Edition— 1500  types  by 
types/diagram  number  $3,95.  32 — function  digital 
computer  kit — 1C,  transistors,  instructions,  $14.00.  1C 
applications  manual — numerous  circuits — An  a  log /Digital, 
$3.95.  Electronetics,  P.  O.flox  127,  Hopedale,  Mass.  01747. 


ELECTRONIC  COMPONENTS— all  kinds,  send  for  free 
catalog.  Epic,  Box  201 52A,  Minneapolis,  Minn.  55420. 


AUTHENTIC,  INSTRUMENTED,  FLYING  ROCKETS  for 
casual  or  serious  experimenters.  Ovar  80  scale  original, 
multi-stage  or  re ady-to -fly  models.  Solid-propellant 
engines  for  safe,  electric  launch  system  liftoffs  up  to  2,500 
feet.  Measure  altitude,  temp.  Inversions,  more.  Real 
telemetry,  electronic  tracking,  aerial  still  and  movie  photo¬ 
graphy  with  super-miniaturized  equipment,  New,  detailed 
tech  manual  and  full-color  catalog.  25  cents  from  ESTES 

INDUSTRIES  Dept.  18L,  Penrose,  Colo.  81240, _ 

LIFE-GUARD:  The  finest  HEAT-SMOKE-GAS  Alarm  avail¬ 
able,  100%  solid  state.  COSMIC  ELECTRONICS,  Box  282, 

Lawrence,  NY  1 1S59. _ 

DIGITAL  ELECTRONICS!  Highly  effective  course  brings 
immediate  results,  $10,00.  Satisfaction  or  $11.00  refunded! 
Plans,  Projects,  Free  Literature,  DYNASIGN,  Box  60A7, 

Way  land,  Maes.  0177$. _ _ 

UNSCRAMBLERS:  Fits  any  scanner  or  monitor,  easily  ad¬ 
justs  to  all  scrambled  frequencies.  Only  4“  square  $29.95, 
fully  guaranteed,  Dealer  inquiries  welcomed.  PDQ 
Electronics,  Box  B41,  North  Little  Rock,  Arkansas  72115, 
ELECTRONIC  parts,  low  prices,  free  flyer:  DARTEK  ELEC¬ 
TRONICS,  Box  2460,  Dartmouth,  Nova  Scotia,  Canada. 

U.&  Inquiries. _ _ _ 

ALPHA/THETA  Biofeedback  Instruments,  $29.95  hobbyist 
models  to  professional  models  with  on  time  Digital 
Recorder  , .  DIGITAL:  Heart  Monitor,  Thermometer,  VOM , 
Frequency  Counter,  Function  Generator,  Logic  Probe  with 
readout,  Tech  and  Dwell  meter,  etc.  Free  Catalog. 
COSMIC  ELECTRONICS,  Box  282,  Lawrence,  NY  11559. 
SURPRISE!  SURPRISE!  Digital  Piano  Tuning  Device  tunes 
musical  instruments  Accurately!  Perfectly!  Inexpensively! 
Construction-lnstruction-Plans  Complete  $12,95  Airmailed 
Postpaid!  Moonlighting  quickly  repays  $40  electronics  in¬ 
vestment!  GBS,  Box  100P,  Green  Bank,  West  Virginia 
24944. 

PYROTECHNICAL  chemicals,  casings,  fuse,  tools, 
literature,  supplies.  Catalog-50  cents,  with  samples  — 

$2.00.  Westech,  Logan,  Utah  84321. _ 

READ  AND  USE  MICROCOMPUTER  Hardware /Software 
ideas  in  ECS  monthly.  Write  for  free  catalog  and  subscrip¬ 
tion  inf.  MP  Publishing  Co.  Box  378P,  Belmont,  Massa¬ 
chusetts  02178, 

RECONDITIONED  Test  Equipment.  $0.50  for  catalog. 
Walter,  2697  Nickel,  San  Pablo,  CA  94806, 


i  7400  SERIES  TTL 

1  PINOUT  HANDBC 

T  COVERS  ENTIRE  5400/7400  SERIES  D.i 
1  PIN  CONNECTIONS  -  FUNCTIONAL  SPECS 

CROSS  REFERENCE  -  ONLY  $2.95  FROM: 

TTL  PINOUT  HANDBOOK;  IMS  ASSOCIATES.  INC. 
i,,  l?98  EI4TM  ST..  SAN  LEANDRO,  CAL,  9A5J7 

|  INCL.  SOt  PSTG..CCALIR  RES.  AOD  20<  SLS.TAK). 

)0K 

LB  LC.'S 

& 

GROUND  FAULT  DETECTORS,  TESTERS.  Audible  and 
Visual  Continuity  testers,  Tone  Generators,  Music  tone 
synthesizers.  Direct  Manufacturer  Sales.  Write  for 
Brochures.  Kabo  Electronics,  Box  477,  Natick,  Mass  01760. 
MONITOR  RECEIVER,  Preamp,  Scanner,  UHF  Converter 
kits.  Hamtronics,  182  Belmont,  Rochester,  NY  14612. 
FREE  giant  bargain  electronic  catalog  listing  thousands  of 
components,  tubes,  transistors,  IC’s,  kits,  test  equipment, 
EDLIE'S,  270Q-PE  Hempstead  Tpke.,  Levittown,  N.Y,  11756. 
CONSTRUCTION  PROJECTS;  Laser,  $2.00.  TV  Camera. 
$3.95.  Catalog.  Technologic,  Box  5262,  Orchard  Lake, 
Mjcfiigan.  40033. _ 

FREE  Bargain  Catalog,  Ultrasonic  devices,  LEDS,  tran¬ 
sistors,  IC‘s,  keyboards,  Xtals,  unique  components, 

Chaney's,  Box  15431,  Lakewood,  CO  80215. _ 

CARBON  FILM  RESISTORS.  Brand  new  as  low  as  2-1/4 
cents.  FREE  samples  and  specifications.  COMPONENTS 
CENTER— PE,  Box  134,  New  York,  NY  10038. 

ALPHA  BRAINWAVE  MONITOR-New  from  EICO.  Model 
BW300  Kit,  $34.95;  Wired,  $59.95  Postpaid.  Send  check  or 
money  order.  M&K  Electronic  Corp.,  135-33  Northern 
Blvd.,  Flushing,  N.Y,  11354. 


DIP  5DCRET5 

a  PIN  PCB 

*  -53 

14  PIN  PCB 

■2b 

lb  PIN  PCB 

■  30 

24  PIN  PCB 

•  7S 

40  PIN  PCB 

i-as 

14  PIN  HIRE  WRAP 

-35 

POTTER 

BRUMFIELD 

Type  KHP  Relay 
4  PDT  3A  Contacts 
24  VDC  (650  coil)  $1,50  EA. 
120  VAC  (10.5  HA  coil)  $1.75  EA. 


TTL  SPECIAL 

7400  DIP  TTL  Signet  It/- 
House  Numbered 

7404  DIP  TTL  Hex  Inverter 
Signetic/House  Numbered 

Each  4>  -I?  Ten  for  $1.50 


FAIRCHILD  “TRIMPOTS” 


Brand  new  20  turn  precisian  trimners.  These 
are  prime  parts  mostly  individually  packed 
In  sealed  envelopes.  These  values  in  stock: 
50  OHM  IK  5K  25K 

500  OHM  2K  1  OK 

Each  only  $  ,89  10  for  $7*50 


CARBON  RESISTORS 

Carbon  Resistors  VWatt  5%-full  prime 
All  values  in  stack.  10  per  value  (min¬ 
imum  quofttl Ty ) .  10  for  $  .45 


2102-2  MOS  1024  BIT  MEMORY  (DIP) 

FULLY  DECODED  STATIC  RANDOM  ACCESS  MEMORY 
DIRECTLY  TTL  COMPATIBLE  INPUTS  AND  OUTPUT  J? 
SINGLE  SV  SUPPLY  -  -  NO  CLOCKS  OR  REFRESH 

S&.flfl  each  8  for  S34.S5 


DIODE  ARRAY 

n  m"  i rbirri  h  ■  7-" 

10  -  1N914  Silicon  Signal  IIiemScs  in  one 
package.  20  leads  spaced  .1";  no  coimon 
connections.  Each  S  .25  10  for  $2.25 


Numeric  Display 
y4"  Single  Digit 
GaAsP  LED  ^Hnll 

cown  cathujl  mm  kh  decimal 

SUPER  SPECIAL  $.59 

TEN  for  $4.95  «™al 

Compact.  «  10  dtgm  tti  3*T  panel  olOtn 
Htgfily  legible  -  bright  re#  V"  ■CfaflfcciBr  fttity  r<«d 
ut'tntn  10  f«t  over  a.  wide  vnwtng  »nol«  (140*)' 


.  typical  brtijbtneis 


1N4007  -  1  AMP  -  1000  volt  PRV 
$  t 13  each  10  for  $1.00 


RECTIFIER 

SPECIAL! 


SEND — FOR  C-0.D.  PHONE  ORDERS 

FREE  FLYER*  ACCEPTED— $10  HINIHUM 


All  IC's  new  and  fully  tested,  leads  plated 
with  gold  or  Solder.  Orders  for  S3. 00  or  more 
are  shipped  prepaid,  smaller  orders — add  55c. 
California  residents  add  Sales  Tax . , . . , .IC 's 
shipped  within  24  hours.  P-0.  BOX  41727 

BRBVLOn  « 


ELECTROniCS 


916  334  2161 


CIRCLE  NO.  9  ON  READER  SERVICE  CARO 


CIRCUIT  Collections:  20  useful  circuits  you  can  build. 
Includes  schematics,  parts  list,  description,  $3,98.  RJE 
Company,  28  Park  Street,  Jamestown,  N.Y,  14701. 
DIGITAL  panel  meter  sale.  Big  savings.  Many  models. 
Write  Betz,  Box  14942.  Portland.  Oregon  97214. 


ukmtect  Citizens  Bend  I 
DEALER-DISTRIBUTORS 

Send  this  ad  with  Letterhead  to: 

I  PAL  I  ELECTRONICS  CO. 

2962  W.  WELDON  -  PHOENIX,  ARIZ.  85017 

FOR  A  New  Electronic  Experience,  learn  to  control  your 
brainwaves,  Aquarius  Electronics,  Box  96ZE,  Albion  CA 
95410. _ _ 

SEND  SASE  for  information  on  Shielded  Ignition  Systems 
described  on  page  80  of  February  PE.  Summit  Enterprises, 
20  Eider  St.,  Yarmouthport,  Mass.  02675. _ 

FREE  Solar  Energy  Catalogue.  Send  Stamp.  Centerline, 
401 U  South  36th  Street,  Phoenix,  Arizona  85034. 

POPULAR  ELECTRONICS 


YOU  CAN  BE  SURE  OF  GETTING  THE  BEST!**** 

FOR  THE  if-!;  - Save  with  our  low  prices  &  Volume  Discount. 


RESISTORS:  Vi,  14  watt-  5,  10% 

Solid  Slate  Systems  presents  standard  5%  and  10%  tolerance  Slack* 
pole  &  Allen-Bradtey  type  RCR  hot  molded  fixed  composition 
resistors  which  meet  all  requirements  of  MIL  R -39008.  These  resis¬ 
tors  have  established  reliability  to  0.001%  failure  rate  per  1000 
hours  of  operation  at  maximum  ambient  temperature  of  7QaC  as 
symbolized  by  the  fifth  color  band  on  the  body  of  the  resistor. 

*  Maximum  Ambient  Operating  Temperature:  70°C. 

*  Available  Values:  All  84  standard  10%.  and  all  167  stand¬ 
ard  6%  values  from  2.717  to  22MS1. 

*  Unexcelled  low  noise  characteristic. 

*  Utmost  uniformity  in  dimensions  due  to  exclusive  molding 
process. 

*  All  leads  tin  plated  to  meet  MIL-STD-202.  Method  208 
requirements. 

*  Permanent  color  codes  which  are  immune  to  scrubbing 
with  all  commercially  used  flux  solvents. 


TABLE  I:  STANDARD  10%  VALUES  AND  CATALOG  NUMBERS 
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Wan 

\  Wall 
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11  10207 

12  10220 
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11  10407 
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1  t  10607 

12  10620 
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12  12220 
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1?  12620 

150 

11 15207 

12  15220 
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11  18407 
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H  18607 
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12  27420 

2.7M 
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3.3 

It  33007 

12  33030 

330 

1 1 33207 

12  33220 

23K 

11  33407 

1  2  33420 

3.3M 

11  33607 

17  3  3*i  20 

3  0 

It  39007 

12  39020 

31)0 

1 1  30207 

12  39220 

39K 

11  39407 
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1.0M 

11  3960/ 

1 2  39620 
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It  47007 

12  47020 

4  70 

11  47307 

12  47320 
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12  56220 
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1 1  68407 
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8.3 

It  82007 

12  03020 

870 

1 1  82207 
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11 82407 

12  82430 

H.2M 

1 1  82607 

1- *12530 

10 
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13  10120 

1000 

11  10307 

13  10320 

100* 

It  10507 

12  10520 

10M 

It  10707 

1?  10720 

12 

1M2107  | 

12  12120 

1300 

11  12307 

12  12320 
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11  12507 

12  12520 

12M 
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1?  12720 

15 
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_  12  15120 

1500 

11  15307 

12  15320 

1BOK 

11  15507 
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15M 

11  15/07 

1?  15720 

18 

11  18107 

12  18120 

1800 
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iao* 

11  18507 

12  18520 
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11  1870/ 

12  1M730 

23 
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2300 

1 1  22307 

12  23320 

220* 

1 1  22507 

12  32520 

22  M 

1  1  2270/ 
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27 

11  27107  1 

12  27130 

2  700 

11  27307 

13  27320 

270 K 

11  77507 

12  27520 

33 

11  33107 

12  33170 

3300 

1 1  33307 

12  33320 

330K 

1 1  33507 

12  33520 

39 

11  3  i/107 

1239 120 

3900 

11  30307 

12  39320 

390* 

11  39007 

12  39520 

47 

11  47107 

12  47120 

4  700 

11  4  7307 

12  47320 

470* 

11  47S07 

12  47520 

55 

11  55107 

12-58120 

5000 

11  56320 

12  56320 

560 K 

It  5G507 

12  9G520 

68 

11  68107 

12  G8120 

6800 

1 1  68307 

13  68320 

680* 

11  6850/ 

1 2  68520 

82 

1  1  83107  | 

12  82120 

8200 

11  82307  j 

|  12  82320 

820* 

1 1  82507 

12  82520 

_ 1 

. 

TABLE  II:  STANDARD  S%  VALUES  AND  CATALOG  NUMBERS 
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Catalog  Numbei 
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27 

13  27107 

,  14  J71-0 

2700 

13  27307 

14  273J0 

270* 

12  27607 

14  27520 

U) 

1.1  30107 

14  20.120 

3000 

13  30307 

14  30320 

300* 

13  30507 

1  4  30520 

XI 

13  3310/ 

14  33170 

3300 

13  33307 

14  33320 

330* 

13  33507 

14  33520 

in 

U 36107 

14  35120 

3600 

1  3  36307 

14  3G120 

13  36607 

14  36520 

39 

13  39107 

14  19120 

3900 

13  39307 

14  39320 

t3  30507 

14  39520 

4.: 

114.10?  . 

»4  43170 

4300 

13  43307 

14  433-6 

13  43607 

1.143520 

4 

’  1-47  107 

14  4/570 

4  700 

13  47307 

14  473-0 

EE33 

13  4  7507 

14475-0 

51 

13  51107 

14  bt 120 

5100 

1351307 

14  51320 

510* 

13  51507 

14  51520 

bl> 

13  56107 

14  56 1 20 

5600 

13  56307 

Id  50320 

550* 

13  56507 

1  4  56520 

67 

13  62  10  7 

U  ii- 1-0 

6700 

13  02307 

14  63320 

520* 

13  62607 

14  63620 

UH 

_1 1  *3H  1 0  / 

1 4  r,r  t  ?o 

6800 

13  GH307 

14  68320 

6K0* 

12  68507 

14  68520 

/!■  " 

~I3  ”,  107 

14  7*  120 

1600 

13  75307 

14  75320 

750* 

1 2  7*5507 

14  7*5530 

a? 

13  8210/  ] 

14  H3t20 

1 3  87307 

14  87320 

B20* 

13  82507 

14  82520 

■>* 

13  'Jt  10/  1 

16  *it  170 

\y  HB1 

13  •) 1 307 

14  91320 

310* 

13  91  aO? 

14  31520 

_ 

All  Resistors  from  TAQLE  I  . 4C 

AH  Resistors  from  TABLE  II . 6c 


PLEASE  ORDER  IN  MULTIPLES  OF  5 
ONLY. 


-  c  -  c 


*r.u* 

Du*- m, on  tm  tertn 

A  BCD 

u  ;ti-a  insta  iH'i-j  ■  ;  UKi-u  i:s  u  ii.-t-o  ‘in: 

0  3ti-il  11:11.1?  ti«-./ 1  Vi  itti-ii  313.0  DM 

ASSORTMENTS 

Assortments  of  most  wanted  electronic  components.  Resistors 
and  capacitors,  are  now  offered  in  counts  from  one  up  to  10 
each  per  value.  Each  assortment  is  neatly  sealed  in  heavy  plastic 
with  5  and  10  count  assortments  already  soperated  by  value.  This 
should  prove  extremely  valuable  in  keeping  a  close  control  over 
inventories.  These  assortments  are  ideal  for  use  in  R  &  D 
Laboratories,  Schools,  Laboratories,  and  for  Experimcntors,  All 
components  are  brand  new  with  full  markings  and  pur 
specifications  listed  in  this  advertisement.  EACH  ASSORT¬ 
MENT  OFFERS  SUBSTANTIAL  SAVINGS  OVER  INDIVID¬ 
UAL  COMPONENTS  PRICES. 


Celling 

Number 

Description  o(  Assortment 

Unit 

Price 

15  01310 

1  Each  of  167  SintuMrrt  5-  .  ’*  Wail  Resistors 

1  1  50 

15  02310 

2  Each  of  167  Standard  9*»,  ’i  Wait  Resistors 

31  50 

15  05310 

9  Each  ol  107  Standard  B'i»,  t*  Watt  Resistors 

48  60 

15  10210 

10  Each  ol  167  Sundom  5%.  %  Watt  Ros, stars 

95  00 

15  01410 

1  Each  of  84  Standard  10*,.  ■«  Watt  Resistors 

3  60 

15  02410 

2  Each  of  fl4  Standard  10V  \  Watt  Resistors 

fl.76 

15  05410 

6  Etch  of  84  Standard  101*.  *4  Watt  RmistOfS 

15.30 

15  10410 

10  Each  ol  B4  Standard  10  ,  Walt  Rus.stors 

29  70 

lb  O1110 

1  Each  of  167  Standard  5  \  Watt  Res.vto's 

l  I  SO 

15-021  ia 

2  Each  of  107  Standard  6*^  11  Walt  Rutistors 

21  50 

1505110 

&  Each  of  167  Slandaict  fi'.A,  l/  Wati  Resistors 

48.60 

15  101  10 

10  Each  ol  167  Standard  5'..  ’.Walt  Resistors 

95  00 

1501210 

1  Each  of  84  SMndard  10*,.  1.  W.ltt  Resistors 

3  60 

15  02210 

2  Each  of  84  Standaid  10*.,  1.  Watt  Resistors 

6.75 

15  05210 

5  Each  or  84  Standard  10“..  i«  Wait  Resistors 

15.30 

15  10210 

10  Each  of  84  standard  10’  .  \  Wait  Resistors 

211.  70 

15  01750 

1  Each  Of  50  T  yue  6GA  Ceramic  Disc  Capacitors 

3.60 

1 6  02  7  BO 

2  Each  of  50  Tvoa  SQA  Ceramic  Qisc  C-meci tot 

6.76 

15  05780 

5  Each  of  50  Tvoe  63A  Curermc  Disc  Caperattws 

IS  30 

15  10750 

10  Each  of  50  Tvua  5GA  Ceramic  Due  Capaciiars 

29  70 

1501716 

1  Each  of  ISTvoeSIHK  Ceramic  Disc  Capacitors 

1  50 

15  02715 

2  Each  of  15  T you  9HK  Ceram rc  Oise  Capacitors 

3  1b 

1505715 

B  Each  of  15  T voe  5HK  Ceramic  Orsc  Capacitors 

7.-0 

15  10715 

10  Each  of  15  Tvnu  6HK  Ceramic  Disc  Capacitors 

13  GO 

15  01707 

1  Each  of  7  T vn*  TG  Ceramic  Dnc  Cap.ic.tais 

0  90 

1502707 

2  Each  of  7  Type  TG  Ceramic  OtSc  Capacitors 

1  7  l 

16  D5707 

6  Each  of  7  T yd#  TG  Ceram .c  Oise  Cnriarators 

4.06 

J6_10707 

10  Each  of  7  T  ype  r  G  Cora Disc  Capacitors 

7  CS 

15  01407 

1  Each  of  7  Tvoe  u*  Cor«mus  D.sc  Catus-itors 

1  17 

15  02407 

2  Each  Of  7  T  ype  UK  Ceramiu  Pis.;  CaiMr dors 

2  If. 

1 5  05407 

5  Each  d  11  ype  U*  Ceram. c  Due  Capacitors 

5  40 

15  10407 

10  Each  of  7  Type  UK  Coisiiul  Disc  Capacitors 

9  <JO 

15  01749 

1  Each  Of  49  ftXiAL  Electrolytic  Capacitors 

10  00 

15  02749 

19  00 

15  OB  740 

44  00 

IS  10740 

8500 

15  01849 

1  Each  of  49  RADIAL  Electrolytic  Cddacdor* 

10  oo 

IS  02849 

2  Each  of  49  RADIAL  Electrolytic  Capacitors 

1!1  00 

IS  OSS 49 

5  Each  of  49  RADIAL  Eioct-Otvtu;  Capacitors 

44  00 

15  10849 

10  Each  of  49  RADIAL  E U-s trotyl...  Capar.jors 

85  00 

I  ★  VOLUME  DISCOUNT  SCHEDULE  ★  1 

Merchandise  Total 

Discount  1 

S  0.00 -S  9.99  ... 

S  10  00  -S  24.99 

. . NET  1 

LESS  5%  1 

$  25.00  -$  99.99  ... 

....  LESS  10% 

S  100.00  -S499.99  ... 

....  LESS  15% 

S  500.00  -S999.99  ... 

....  LESS  20% 

51000.00  and  up . 

....  LESS  25% 

DISC  CAPACITORS 

PLEASE  ORDER  IN  MULTIPLES  OF  10  PER  ITEM. 
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•  POO  It* 

:>oou  pf 
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SOOO  i.F 
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1 1 

73  7044— 
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SEND 
ORDER 
TO  <Z> 


84  10415 
84  32*71 
H4  1050* 
BA  2050M 
J4  4  750.; 
BA  10003 
HA  77V03 


CopJOUnce 


01  fi*  It  V 

072  PF  35V 
1  pF. 10V 
3  fir  10V 

4/  fit  2V 

I  o  pr  3V 


Unit 


5GA 


Sprague  type  5GA  eyr 


ELECTROLYTIC  CAPACITORS 

PLEASE  ORDER  IN  MULTIPLES  OF  10  PER  ITEM. 
These  aluminum  electrolytic  capacitors  offer 
an  unexcelled  combination  of  high  perform- 


high  capacity  »l  d  minimum  ipaer. 
All  lypi.-5Hx  laAKilotl  fuvc.itt.lc> 
anev  ol  -TO*  .  -80'  Vnltaiic  t.itirut  ,t 
1000WVUC  hir  vatu  us  up  m  ,u»l  in. 

eluding  o.oipr.  Mit i  wjowvdc  iu* 

0  0 1  dfiF  .mil  hit) hui 


age  untnmic  disc  caput,  dots 

U  latirtg  ol  tOOWVDC  ideal 
sc  to  tr.uiustoi  i/mJ  circuits.  All 


k  ceramic  ritst  tpucilun  ul 
let  minimum  Ip.tcc  uLcup.il  icy  on 
1 1  .insist  in  ia  ml  liuaiUt  where  laiipi 
capacitance-  in  ft  small  volume  is  re¬ 
quired.  Tulimmcc  J.*J  V  D  C  types. 
Guaranteed  Minimum  Valuv,  all 
oihc-«s  20  ..  i80  . 


fvwv  low  tull-induci.mc*)  ol  sjiyyruU 
llal-pi  rie  itetHjn  lui  high  by  pass  el- 
tmuncy.  All  type  QGA  capucdots 

ancc.  high  siatiilrty,  low  leakage  current  and 
long  shelf  fife  in  a  packago  ideally  suited  for 
operation  in  coupling,  by- puss  mg  and  filter- 
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DC 

DC 

m 

Numbei 

■•0" 

‘V 

Du. 

Number 

ESI 

mm 

181 

1 

ESS 

:  3 

Volts 

Volts 

71  /IrOtTSf 

7  5  ill 

07 

37  10609 

-05 

0  488 

020 

38  10609 

.205 

0  4T3 

.079 

020 

r 

10 

mm 

■7M 

71  10169 

ID  1*1 

07 

37  1062 1 

205 

0.4RB 

070 

38  106-1 

.205 

0413 

.079 

020 

i 

zs 

ES 

71  121.11* 

i2»*r 

07 

37  10633 

20b 

0  4BH 

.0-0 

38  10633 

.205 

0.413 

.079 

.020 

i 

50 

IJ 

71  I'llli’i 

tfl  (IP 

n/ 

37  -2609 

-06 

0.486 

.020 

38  22609 

.305 

0.413 

070 

0-0 

2.2 

10 

13 

-oa 

/I  I'OIh'I 

aoi*r 

0/ 

3/  33tr3 1 

205 

0.488 

.020 

38  73621 

205 

0  413 

.079 

.020 

22 

29 

32 

.00 

71  ?2i  rm 

?3l*f 

07 

37  22633 

244 

0-49? 

.024 

38  22633 

.244 

0  417 

.098 

,020 

22 

50 

63 

mm 

71  251  dir 

35  Hi 

07 

3/  33609 

206 

0.488 

070 

30  3  2609 

.705 

0  413 

.078 

0-0 

3.3 

10 

pfl 

71  2  7169 

?7  f.r 

0/ 

37  33621 

-05 

0.4K8 

020 

38  336?  1 

.205 

0.413 

079 

020 

3.3 

25 

71  30  till* 

:to  *.r 

07 

37  33633 

:m  a 

0.411- 

.0-4 

38  33633 

.283 

0.41  7 

.098 

020 

3.3 

50 

71  33169 

33  *.r 

07 

27  «i  7 r»qy 

206 

0.488 

.0-0 

38  4  7609 

,205 

0.413 

.079 

.020 

4  7 

10 

71  39*61) 

39  HP 

07 

3/4/621 

205 

0.488 

020 

38  47621 

.205 

0.413 

.079 

.020 

4.7 

75 

71  501 UU 

50  pi 

07 

37  4  7633 

.323 

0.62? 

.024 

38  4  7633 

.283 

0.417 

.098 

.020 

4  7 

50 

71 56160 

56  p* 

07 

37  10709 

205 

0.488 

070 

38  10  70U 

.205 

0413 

.079 

.020 

10 

10 

71  1.8169 

liU  pF 

(1/ 

37  10721 

244 

0.492 

0?4 

38  10721 

.244 

0.41  7 

.098 

.020 

10 

26 

32 

mM 

71  75169 

71m  l.P 

07 

3/ 10733 

323 

0.622 

024 

38  10733 

.323 

0.512 

- 138 

.020 

10 

W 

G3 

.10 

/I  871  till 

H?i*l 

0/ 

3/  2-701! 

?44 

0.46- 

.024 

38  22709 

.244 

0.417 

.09 

020 

22 

10 

13 

.06 

71  10269 

100  P* 

07 

37  72721 

373 

0.62? 

074 

3H  227-1 

.323 

0.5-0 

.118 

020 

22 

85 

37 

-U 

71  I2?6il 

130  p* 

0/ 

37  77733 

40- 

1.0-4 

024 

38  22  733 

402 

0  768 

- 1&7 

,024 

22 

BO 

63- 

.17 

71  15-f.U 

150  lif 

07 

37  33  709 

744 

0.492 

024 

38  33709 

.244 

0.41  7 

.09 

1 

020 

33 

10 

13 

.08 

71  182611 

180  lit 

0/ 

3/  33/21 

3-3 

0.622 

.024 

38  33721 

.3-3 

0  520 

.11 

.020 

33 

2S 

32 

.11 

/l  -0269 

200  |tr 

07 

37  33733 

402 

1.024 

024 

3B  33/33 

.40? 

0787 

.197 

.024 

33 

50 

63 

18 

71  22269 

-20  i>r 

07 

37  4  7700 

323 

0.R22 

.024 

3B  47709 

.323 

0  41  7 

.130 

.020 

4/ 

10 

>3 

.08 

/I  ‘.“5 769 

250  pF 

0/ 

3/ 4/721 

40? 

1  004 

024 

38  47721 

407 

O  512 

197 

020 

47 

36 

32 

.14 

71  2  73611 

270  PF 

0/ 

37  4/733 

520 

1  -40 

.031 

38  47733 

.670 

0.807 

.236 

,024 

47 

50 

53 

.18 

ft  302**11 

:soo  nr 

07 

37  10809 

3-3 

0.6?? 

.0-4 

38  10809 

.373 

0.512 

138 

020 

1O0 

10 

13 

10 

7 1  33-‘.9 

030  1*F 

07 

37  108? 1 

402 

1  004 

.0-4 

38  10821 

.402 

0.78? 

.197 

024 

100 

25 

3? 

.17 

71  36260 

3t,0  nl 

U7 

37  10833 

620 

1  740 

031 

38  10B33 

.5-0 

1  24q 

236 

031 

100 

50 

€3 

.24 

/ 1  31*26** 

390  f*F 

07 

37  1 5H01I 

402 

1  004 

0-4 

38  19BOO 

.402 

0  5-4 

.197 

.020 

150 

10 

13 

71  4/269 

4  70  ti? 

07 

37  15871 

40? 

1  024 

024 

38  16821 

.520 

0  787 

230 

024 

150 

20 

32 

.32 

71  !*02R» 

600  ,.F 

0/ 

37  1  5833 

638 

1.760 

031 

38  15833 

.638 

1-260 

295 

.031 

150 

BO 

63 

33 

11  5,1209 

til  lO  pi 

07 

'.t/  -780*1 

40- 

f.Q04 

•  Q24 

38  --809 

.402 

0571 

197 

024 

-20 

id 

13 

1  1 

71  68?*«l 

14*0  pi 

07 

37  -3821 

6-0 

1  740 

□31 

38  77821 

520 

0  807 

-236 

024 

320 

ZB 

32 

.24 

It  75-611 

IM  id 

0/ 

3/  77833 

717 

1  ?40 

031 

3H  22833 

638 

1  555 

.295 

031 

720 

so 

63 

33 

71  BS-n-* 

820  pP 

07 

37  338011 

407 

*  004 

074 

38  33809 

.402 

0  7G3 

197 

024 

330 

10 

IS 

19 

71  10360 

TOCO  irF 

07 

37  338-  1 

520 

1.-40 

031 

33  33821 

.520 

1  240 

236 

031 

330 

as 

32 

2- 

71  17369 

1200  P« 

0/ 

37  33833 

717 

1*81  * 

031 

30  33833 

717 

1  77?i 

295 

031 

230 

50 

63 

.47 

71  15360 

1600  nP 

07 

37  4  7809 

40? 

1.004 

.0-4 

38  4  7809 

.40- 

0  76B 

.197 

024 

470 

10 

13 

-22 

71  IHji.'.l 

11100  rf 

0/ 

37  47815 

620 

1  2*10 

031 

38  4/315 

.520  ; 

1 0-984 

.336 

.031 

470 

16 

20 

71  703C9 

-000  pf 

07 

37  47821 

638 

1.240 

031 

38  4/621 

.630  1 

10.984 

29 

& 

031 

470 

25 

33 

.22 

71  72360 

2200  pf 

07 

3  7  4?S77j 

71  7 

1  -40 

031 

38  4  7B37 

638 

[l  555 

295 

.031 

470 

25 

44 

32 

71  253C9 

7500  i.F 

0/ 

17  47833* 

717 

l  ,949 

031 

38  4  7833 

.717  5 

1  909 

-95 

031 

4-0 

50 

63 

57 

71  77369 

7/OOpf 

07 

37  68809 

620 

1  -40 

031 

3B  GeSO'l 

520 

l  004 

.236 

031 

680 

to 

13 

.28 

71  30369 

JUDO  pF 

07 

37  6S82  I1 

717 

1  260 

.031 

38  68821 

.6381 

[1.575 

295 

.031 
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25 

32 

.37 

/ 1  2:sj6*j  j 

•j  ton  *4 

<11 

37  10909 

.520 

1  240 

031 

3R  10909 

,033 

1  004 

.-95 

031 

1  ODD 

10 

13 

-36 

71  31*369 

V'fXJ  |H 

07 

37  109 15 

638 

1  240 

.031 

38  10915 

.638 

1.200 

-95 

.031 

1000 

MLM 

20 

40 

71  473G11 

4700  PF 

0/ 

37“lO!)-r 

717* 

1  437 

.031 

38  109-1 

.71  7 

1.338 

.295 

031 

1000 

.44 

71  50360 

50KI  l*F 

07 

37  10927 

717 

1  949 

031 

31  10927 

.717 

1 .900 

299 

.031 

1000 

LJi 

-BO 

71  1046*) 

oo» 

O'* 

37  15915, 

/IF 

1  46? 

.031 

38  151115 

.638 

1-575 

295 

021 

1500 

n 

.37 

71  -f»4..') 

oo;  in 

" 

17J»?h15j 

717 

1  594 

Oil 

38  27915 

717 

1  76? 

.295 

031 

2200 
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PREDETERMINED  PROGRAMMABLE  COUNTER 

We  have  3  models  of  a  counter 
used  by  a  large  copying  machine 
manufacturer.  The  number  of 
copies  desired  is  preset  by  dials, 
and  the  machine  then  makes 
this  number  of  copies  displaying 
the  count  on  NIXIE  tubes.  When 
the  preset  number  is  reached,  the 
counter  stops  the  machine. 

The  counters  were  removed  from 
copiers,  and  replaced  with  newer 
models.  They  all  operate  on  input  pulses,  display  the  count, 
and  close  a  set  of  contacts  when  the  predetermined  number 
is  reached.  Useful!  for  many  types  of  industrial  counting, 
darkroom  timing  etc.  All  units  have  3  BURROUGHS  NIXIE 
tubes,  type  B5092A,  which  currently  sell  for  $17.25  ea. 

We  supply  operating  instructions  and  some  application  data. 
STOCK  NO.P5265  {uses  BEAM  X  switching  tubes)  $13.95 
(addtional  data  supplied  on  models  using  BEAM  X  tubes). 
STOCK  NO. P5264  (module  type  switching)  $17.95 

STOCK  NO.P5231  (all  solid  state  switching)  $19.95 

10"x6%"x5"  Weight  8  lbs. 


IEXOTIC  COMPUTER  BOARD 

One  of  the  finest  boards  we  have  ever 
seen.  8  12-15  volt  reed  relays, LM  309 
In  heat  sink, 11  trimpots,5  different 
values, 2  optical  couplers,  ICs,  4  Op- 
Amps,bridge  rectifier,  7  transistors, 
diodes,  resistors  and  much  more. 

Over  $150.00  worth  of  parts. 

STOCK  NO.P9226  8.95  ea.  2/17.00 


9%'*x10"  2  Lbs. 


TRIPLE  REGULATOR  BOARD 

+J2  volts  200  ma.  &  tracking  reg¬ 
ulator,  0  to  5  volts  500  ma.  0.5% 
reg.  with  data.  5%x3%'\ 

STOCK  NO.P9Q13  5.95  ea,  2/10.00 


Please  include  sufficient  postage.  Excess  will  be  refunded. 
Send  for  our  latest  and  largest  catalog  No. 14,  64  pages. 


a  DELTA  ELECTRONICS  CO. 

MUX  BOX  1,  LYNN,  MASSACHUSETTS  01903 

Phone  (617)  366-4705 


CIRCLE  HO.  16  OH  READER  SERVICE  CARD 


only  at  TRACT  DESIGN' 


DIGITAL  INTEGRATED  CIRCUITS 


7405 

/W 

MI0 

Mil 

7*13 

7*20 

7*47 

7*73 

7*75 

7476 


7*93 

7*121 

74192 


Triple  3  input  Pot  NANO  Gil* 

Triple  3  input  Pm  AND  Gilt 
Duel  NANO  Schmitt  Trigger 
Du*'  4  Input  Pm.  NANO  Gw 
BCD  To  S*v*p  Segment  Decoder 'Driver 
Duel  J  K  M«W  St»*  flip  Flop 
Quad  BiRWe  Utch 
Duel  i  K  Wetter  SU«  Flip  Flop  with 
Pretet  end  C'eir 
Decode  Counter 
Divide  By  Twelve  Counter 
4  Bit  B<n*ry  Counter 
MonotUMe  Multtvibratoe 
pretetubie  Synch  Detude  Up' Down  Counter 


LIGHT  EMITTING  DISPLAYS 


Buy  these  Bund  New  HP 
Otpioyt  *t  *  Super  Price  »0<  >  Prime  Dnptey 
ALL  UNITS  NEW  AMO  GUARANTEED 


WAN51 

MAN71 

HP77S1 


Common  Anode,  right  hind  decimel 
Common  Anode,  right  h*nd  d«nm»1  - 

■*r  Ouptey 

Common  C*thode.  right  hind  deennil 
Common  Anode,  right  hind  fletimil 
Ponel  Led  T  I  3  4 - ““ 


Hendquorlori  For 

*  RESISTORS 

*  TRANSFORMERS 

•  CIRCUIT  BOARDS 
•POWER  SUPPLIES 

r  EDGE  CONNECTORS 


MINIATURE  FILM  CAPACITORS 


Dt 


l»T*H 

IMfl] 


REGULATOR  CIRCUITS 


MC7BOSCP 

5  volt  <*9rUtDr  P  1  SA  mi* 

1.73 

MCTBIJCF 

12  Ktftragu liter  p  t.SAmu. 

200 

MC701SCP 

15  nil  reprUtor  P  1.SA  ml* 

2.00 

FIXED  POWER  SUPPLY  KITS 

jpetwim.  _  FflMd  FU10  MHO 

Input  Voilnff  IS&500HH  IQS  126.  IBB  IJIe  MO  715* 
Out  pul  votuge  6y-S\  12.  s  15v  1 5% 

Output  Ctorent  (T«  *  2S  Cl  ISA  Up.  I  SA  Men  I  IAMpl 
PRICE  1UJM  SI*. 50  RldJO 


DISPLAY  BEZELS 


905-00 
BIO  60 
915-60 
MMO 


-•asj 

3.M 

2.56 

266 

2  70 

...ML. 

1.37 

2.00 

300 

4.00 

400 

SOCKETS 


DIODES 

1X4001  8711.00 

IN40O2  B-'SI.OO 

1X4146  .  .  10/5100 

INS40I  .  5/5200 

I3A  100PIV] 


fRICf  TABU 

JISL. 

_2 L_ 


*11  *4*  plttlHt 
rnwgr  4  Bui*  tmWM 
O-rVr,  Ifh  lh»  tnOOwM 

SI  00  miw  A  hw*l,rr» 

TRACY  DESIGN  C0RP. 

16S70  SCHAEFER  .  DETROIT.  HI.  48127  »  43331  8J8-26D 1 

1 _ 

CIRCLE  NO.  46  ON  READER  SERVICE  CARO 


CB  SPECIALS 


2SC517 

4.75 

2SC781 

3,25 

2SC1237 

2.00 

2SC1678 

5.75 

2SC710 

.70 

2SC799 

4.25 

2SC1239 

2.80 

2SC1679 

5.75 

2SC711 

.70 

2SC1013 

1.50 

2SC1243 

1.50 

2SC1957 

3.50 

2SC735 

.70 

2SC1014 

1.50 

2SC1306 

5.25 

2SD235 

1.00 

2SC756 

1.50 

2SC1017 

1.50 

2SC1307 

6.25 

MRF8004  3.00 

2SC773 

.85 

2SC1018 

1.50 

2SC1377 

6.75 

4004 

3.00 

2SC774 

1.75 

2SC1173 

1.25 

2SC1449 

3.50 

4005 

3.00 

JAPANESE  TRANSISTORS 


2SA52 

60 

2SB370 

1  10 

2SC478 

80 

2SC829 

75 

2SC1509 

1  25 

2SA101 

70 

2SB379 

65 

2SC482 

1  75 

2SC833 

70 

2SC1569 

1  25 

2SA103 

70 

2SB380 

70 

2SC491 

2  50 

2SC838 

70 

2SC1756 

1.25 

2SA221 

60 

2SB405 

1  00 

2SC495 

70 

2SC839 

85 

2SD30 

95 

2SA473 

85 

2SB407 

2  10 

2SC497 

1  60 

2SC930 

65 

2SD45 

2  00 

2SA495 

65 

2SB41S 

1  05 

2SC515 

80 

2SC945 

65 

2SD64 

75 

2SA497 

55 

2SB46I 

1  25 

2SC535 

95 

2SC1010 

80 

2SD65 

75 

2SA505 

65 

2SB463 

1  65 

2SC536 

65 

2SC1012 

80 

2SD68 

70 

2SA562 

70 

2SB471 

1  75 

2SC537 

70 

2SC1013 

1  50 

2SD72 

1  00 

2SA607 

2  25 

2SB474 

1  75 

2SC563 

2  50 

2SCT014 

1  50 

2SD88 

1  50 

2SA613 

1  00 

2SB481 

2  10 

2SC564 

70 

2SC1018 

t  50 

2SD120 

85 

2SA643 

85 

2SB492 

I  25 

2SC568 

70 

2SC1030 

3  25 

2SD130 

1  50 

2SA647 

2  75 

2SB495 

95 

2SC582 

85- 

2SC1051 

250 

2SD14  1 

2  25 

2SA673 

85 

2SB605 

200 

2SC591 

2  50 

2SC1061 

1  65 

2SD151 

2  50 

2SA679 

2  25 

2SB606 

2.00 

2SC605 

I  00 

2SC1079 

3  95 

2SD170 

200 

2SA682 

95 

2SC15 

85 

2SC619 

70 

2SC1096 

1  20 

2SD1B0 

3  00 

2SA699 

1  30 

2SC24 

65 

2SC620 

80 

2SC1098 

1  15 

2SD198 

2  50 

2SA699A 

200 

2SC32 

65 

2SC627 

1  75 

2SC1115 

2  75 

2SD201 

2  50 

2SA705 

55 

2SC33 

65 

2SC644 

70 

2SC1166 

70 

2SD218 

5  00 

2SA714 

2  50 

2SC41 

4  00 

2SC64S 

85 

2SC1170 

400 

2SD235 

1  00 

2SA720 

70 

2SC49 

80 

2SC681 

2  50 

2SC1172B4  2S 

2SD261 

80 

2SA733 

65 

2SC56 

95 

2SC604 

2  10 

2SC1  173 

1  25 

2SD291 

85 

2SB22 

.65 

2SC143 

3.50 

2SC687 

2  50 

2SC 1 2 1 3 

75 

2SD292 

85 

2SB54 

70 

.  2SC154 

3.75 

2SC696 

2  35 

2SC1226 

1  25 

2S0300 

2  50 

2SB56 

70 

2SC162 

3  75 

2SC710 

70 

2SC1237 

2  00 

2SD313 

1  20 

2SB77 

.70 

2SC163 

4  50 

2SC711 

70 

2SC1239 

280 

2SD315 

75 

2SB120 

2.50 

2SC185 

1  00 

2SC712 

70 

2SC1293 

85 

2SD318 

95 

2SB135 

.95 

2SC202 

1  00 

2SC713 

70 

2SC13O0 

5  00 

2SD341 

95 

2SB152 

4  50 

2SC206 

1  00 

2SC732 

70 

2SC1317 

60 

2SD350 

3.50 

2SB172 

.56 

2SC240 

T  10 

2SC733 

70 

2SC1325 

5  00 

2SD352 

80 

2SB173 

.55 

2SC261 

65 

2SC735 

70 

2SC1347 

80 

2SD380 

600 

2SB175 

55 

2SC291 

65 

2SC739 

70 

2SC1377 

6  75 

2SD309 

95 

2SB178 

1.00 

2SC320 

75 

2SC756 

1  50 

2SC1383 

75 

2SD390 

75 

2SB186 

.60 

2SC352 

.75 

2SC774 

1  75 

2SC1393 

60 

2SD437 

600 

2SB187 

60 

2SC353 

75 

2SC775 

200 

2SC1409 

2  75 

2SD458 

80 

2SB235 

1^95 

2SC371 

70 

2SC778 

300 

2SC1410 

2  75 

2SD1111 

3  50 

2SB303 

65 

2SC372 

70 

2SC783 

1  00 

2SC1446 

1  25 

2SD11 15 

3  75 

2SB324 

1,00 

2SC380 

70 

2SC784 

.70 

2SC1447 

1.25 

2SK19 

225 

2SB337 

2  10 

2SC387 

70 

2SC785 

1  00 

2SC1448 

l  25 

2SK30 

1  25 

2SB364 

.65 

2SC394 

70 

2SC792 

300 

2SC1450 

1  00 

2SK40 

1  60 

2SB365 

65 

2SC458 

70 

2SC793 

2  50 

2SC1454 

2  75 

3SF1 1 

3  14 

2SB367 

1.60 

2SC460 

70 

2SC828 

75 

2SC1507 

1  25 

SG609 

4  95 

OEM  SPECIALS 


1N270 

06 

2N630 

3.10 

2N1540 

.90  2N2325 

2.10 

2N3247  3  50 

2N3856 

20 

2N4403 

18 

1N749.A 

16  2N677C 

5  00 

2N1543 

3.00  2N2326 

3.00 

2N3250 

.40 

2N3866 

.90 

2N4409 

19 

1N7S0.A 

16  2N706 

20 

2N1544 

.80  2N2327 

4  00 

2N3375  4  95 

2N3903 

.19 

2N4410 

.19 

1N751.A 

16  2N706B 

.35 

2N1549 

1.05  2N2328 

4.25 

2N3393 

19 

2N3904 

.19 

2N4416 

75 

1N914 

06 

2N711 

35 

2N1551 

3.50  2N2329 

600 

2N3394 

19 

2N3905 

.19 

2N4441 

.85 

1N4148 

06 

2N711B 

50 

2N1552 

3  50  2N2360 

.25 

2N3414 

22 

2N3906 

19 

2N4442 

.90 

1N4746 

50 

2N718 

18 

2N1554 

1.75  2N2369 

.19 

2N3415 

.25 

2N3924 

3.25 

2N4443 

125 

1N4747 

.50 

2N718A 

.25 

2N1557 

1.50  2N2484 

>20 

2N3416 

.28 

2N3925 

4  50 

2N4852 

.60 

1N4749 

50 

2N720A 

1  35 

2N1560 

3.00  2N2712 

.25 

2N3417 

.30 

2N3954 

4.50 

2N5061 

.25 

1N5355 

75 

2N759A 

90 

2N1605 

.35  2N2894 

.40 

2N3442  1.90 

2N3954A  4  90 

2N5064 

40 

1N5357.A.B  75 

2N760 

40 

2N1613 

30  2N2903 

3.50 

2N3553  1.50 

2N3955 

250 

2N5130 

19' 

|  1N5358.A.B  75  2N877 

225 

2N1671 

1  00  2N2904 

.19 

2N3563 

18 

2N3955A  2,90 

2N5133 

15 

1N5359.A.B  75  2N894 

1  75 

2N1711 

30  2N2904A 

25 

2N3565 

18 

2N3957 

1  30 

2N5138 

,15 

2N173 

2  00 

2N918 

19 

2N1907 

4.25  2N2905 

19 

2N3638 

18 

2N39S8 

1  20 

2N5154 

6  25 

2N 1  78 

90 

2N930 

.19 

2 N 2060 

1.90  2N2905A 

.25 

2N3642 

19 

2N4037 

.60 

2N5157 

0.95 

1 2N327A 

1  25 

2N956 

20 

2N2102 

40  2N2906 

.19 

2N3643 

IS 

2N4093 

90 

2N5198 

385 

1 2N334 

1  25 

2N960 

40 

2N2218 

.20  2  N2906A 

20 

2N3645 

15 

2N4 1 24 

.18 

2N5294 

.60 

;  2N336 

90  2N962 

.40 

2N2218A  25  2N2907 

19 

2N3646 

10 

2N4126 

23 

2N5296 

.45 

2N338A 

1  10 

2N967 

40 

2N2219 

.20  2N2907A 

25 

2N3730  1.25 

2N4141 

23 

2N5306 

20 

2N398B 

90 

2N1136 

1  25 

2N2219A  25  2N2913 

.75 

2N3731 

1  65 

2N4142 

16 

2NS354 

25 

2N404 

20  2N1137A  1  65 

2N2221 

19  2N2914 

1  25 

2N3740 

1  00 

2N4143 

15 

2N5369 

20 

2N443 

1  05 

2N1142 

1  95 

2N2221A  19  2N2916A3  75 

2N3771 

1  90 

2N4220A 

.90 

2N5400 

.50 

2N456 

1  15 

2N1143 

1.75 

2N2222 

.19  2N3019 

1  25 

2N3772  2.00 

2N4234 

1.25 

2N5401 

,50 

2N501A 

3  50 

2N1302 

25 

2N2222A  19  2N3053 

.19 

2N3773  2.10 

2N4235 

1  60 

2N5457 

.35 

2N508A 

35 

2N1305 

30 

2N2270 

30  2N3054 

70 

2N3819 

.25 

2N4400 

19 

2N5458 

.35 

2N512B 

2  50 

2N1377 

1  25 

2N2322 

1.50  2N30SS 

75 

2N3823 

60 

2N4401 

19 

2N5467  28.00 

2N555 

45  2N1420 

18 

2N2323 

1.60  2N3227 

2.10 

2N3843 

25 

2N4402 

19 

C106B1 

.45 

I2N652A 

90 

2N1483 

1.00 

2N2324 

2.00 

SILICON  UNIJUNCTIONS 


2N2646 
2N2647 
2N6027  PUT 
2N6028  PUT 
2N1671 
D5E37 


To-18 

To- 18 

To-92 

To-92 

To-5 

To-18 


.50 

.65 

.55 

.75 

1.00 

4/1.00 


INTEGRATED 

CIRC. 

UA703C 

.40 

CA3066 

4.00 

CA3068 

6.50 

MCI  305 

1.50 

Replacement  for  Zenith 

221-36.  221-37.  221-39  3.50 

RECTIFIERS 


10 

100 

1N4001 

.60 

5.00 

1N4002 

.70 

6.00 

1 N4003 

.80 

7.00 

1N4004 

.90 

8.00 

1N4005 

1.00 

9.00 

1N4006 

1.10 

10.00 

1 N4007 

1.20 

11.00 

TRANSISTOR  GRAB  BAG — Germanium  and  Silicon  small  sigs  and  power  transistors. 
Untested.  50/1.00  FAIRCHILD  9L00  IC’s.  prime  units.  .29 

HOBBYIST'S  1 6  Pin  Digital  1C*  Untested.  -1 5/ 1 .00  709C  Hi-Perf.  Op  Amp  5/ 1 .00 
Fairchild  7400  1C-  While  They  Last!  8/1.00  74 1C  Hi-Perf.  Op  Amp  4/1.00 


© 


flew-  Zone  Electronics 

P.O.  BOX  1738  A 
BLOOMFIELD,  N.J.  07003 


20%  off  on  Replacement  orders  of  25.00  or  more.  Above  is  partiaJ  list  ot  current  stock 
available  at  drastic  reductions.  Send  for  complete  list! 

ALL  PARTS  GUARANTEED  AND  TESTED  O N  PREMISES, 

WRITE  FOR  TREE  CATALOG  AND  LG.  QUANTITY  DISCOUNTS. 


TERMS  Check  or  money  order,  COD  s  accepted  include  10%  for  postage  and  handling,  N.J.  residents 
add  5%  sales  tax.  Minimum  order  5.00. 


90 


CIRCLE  NO.  28  ON  READER  SERVICE  CARO 


POPULAR  ELECTRONICS 


FREE  INFORMATION: 


Learning  more  about  a 
product  that’s  advertised 
or  mentioned  in  an  article 
in  this  month's  issue  is  as 
simple  as  one,  two,  three. 
And  absolutely  free. 


Print  or  type  your 

name  and  address 

on  the  attached, 

postage-paid  card. 

Use  only  one  card 
per  person. 


Circle  the  Hum¬ 
berts]  on  the  card 
that  correspond 
to  the  numberCs] 
at  the  bottom  of 
the  advertise¬ 
ment  or  article 
for  which  you 
want  more  infor¬ 
mation. 

CKey  numbers  for 
advertised  prod¬ 
ucts  also  appear 
in  the  Adver¬ 
tisers'  Index.] 

Simply  mail  the 

postage-paid 

card. 


Use  only  one  card  per  person 

POPULAR  ELECTRONICS  PE7753 

Use  nnly  one  carti  per  person. 

NAME. _ _ _ 

ADDRESS _ 

CITY _ STATE _ ZIP _ 

(Zip  Code  must  be  included  to  insure  delivery,)  (Void  after  Sept.  30r  1  9751 
a.  Within  a  year  are  you  planning  to  purchase  (Circle  number) 

I  t )  Stevcd  Recover  2\  Speakers  3)  Amplifier 

I  41  Manual  Turntable  5)  Open  Reel  Recorder  6)  Automatic  Changer 

O  Please  send  me  12  issues  of  Popular  E  fee  ironies  for  $4,89  and  bill  me. 

1  2  3  4  5  S  7  8  9  10  1112  13  1415 

16  17  18  19  20  21  22  23  24  25  26  27  28  29  30 

31  32  33  34  35  36  37  38  39  40  41  42  43  44  45 

46  47  48  49  50  51  52  53  54  SS  56  57  58  59  60 

61  62  63  64  65  66  67  68  69  70  71  72  73  74  75 

76  77  78  79  80  81  82  83  84  85  86  87  88  89  90 


POPULAR  ELECTRONICS  PE7752 

Use  only  one  card  per  person 

NAME _ 


ADDRESS 


CITY  STATE _ _ZIP _ 

(Zip  Code  must  be  included  to  insure  delivery  )  (Void  after  Sept,  30,  1975} 
a.  Within  a  ye*ir  are  you  planning  to  purchase  (Circle  number) 

1)  Srcren  Receiver'  2)  Speakers  3)  Amplifier 

4}  Manual  Turn  table  5)  Open  Ree!  Recorder  6)  Automatic  Changer 

Q Please  send  ma  12  T|tu05  of  Popular  Electronics  for  34  89  and  bill  mi 3, 

1  2  3  4  5  6  7  S  9  10  11  12  13  14  15 

16  17  IS  19  20  21  22  23  24  25  26  37  28  29  30 

31  32  33  34  35  36  37  38  39  40  41  42  43  44  45 

46  47  48  48  50  51  52  53  54  55  56  57  5B  59  60 

61  62  63  64  65  66  67  68  69  70  71  72  73  74  75 

76  77  78  79  80  81  B2  83  B4  85  86  87  88  89  30 


POPULAR  ELECTRONICS  PE7751 

Use  only  one  card  per  person. 

NAME _ _ _ 


ADDRESS. _ _ . 

CITY _ STATE _ ZIP _ 

(Zip  Code  musi  be  included  to  insure  delivery -1  {Void  after  Sept.  30,  1975) 
a.  Wiliam  5  year  are  you  planning  to  pmctiase  (Circle  number) 

1  I  Stereo  Receiver  31  Speakers  3}  Amplifier 

41  Manual  Turn  tuple  51  Open  flee  I  Recorder  61  Automatic  Clranqer 

Qpieesa  send  me  12  issues  of  Popular  Electronics  tor  Sa  89  and  bill  me. 

1  2  3  4  5  G  7  8  9  10  14  12  13  14  15 

IS  47  IS  19  20  21  22  23  24  25  26  27  28  29  30 

31  32  33  34  35  36  37  3B  39  40  41  42  43  44  45 

46  47  48  49  50  51  52  53  54  55  56  57  58  53  GO 

61  62  63  84  65  66  67  68  69  70  71  72  73  74  75 

76  77  78  79  80  81  82  83  84  85  86  87  88  89  90 


FREE 

INFORMATION: 


First  Class 
Permit  No  21 7 
Clinton,  Iowa 


BUSINESS  REPLY  MAIL 

No  postage  necessary  if  mailed  in  the  United  States 

POSTAGE  WILL  0E  PAID  BY  _ 

Popular  Electronics  —  . 

PlO.  Bax  2905 

Clinton,  Iowa  52732  _ 


First  Class 
Permit  No  217 
Clinton,  Iowa 


BUSINESS  REPLY  MAIL 

No  postage  necessary  if  mailed  in  the  United  States 

POSTAGE  WILL  BE  PAID  BY  _ 

Popular  Electronics  ■  - 

no.  Box  2305  ■ 

Clinton,  Iowa  52732  -  , 


First  Class 
Permit  No.  217 
Clinton,  Iowa 


BUSINESS  REPLY  MAIL 

No  postage  nece ssary  if  meiled  in  the  United  States 

POSTAGE  WILL  88  PAID  BY 

Popular  Electronics  | 

no.  Box  2305  "  ' 

Clinton,  Iowa  52732  -  I 


A  COMPLETE  SET  OF 
MATCHED 


STORAGE  GASES 


Here's  the  [deal  solution  to  the  problem  of  keep¬ 
ing  all  your  records  and  tapes  stored  neatly, 
safely,  conveniently  and  attractively*  A  complete 
set  of  matched  storage  cases,  designed  by  the 
editors  of  STEREO  REVIEW  magazine,  for  your 
records  and  all  your  tapes:  cassette,  cartridge 
and  7"  reel,  Now  you  can  keep  them  side-by¬ 
side  on  your  bookshelf  or  cabinet,  easy  to  iden¬ 
tify  and  readily  available. 

These  cases  are  sturdily  constructed  and  cov¬ 
ered  in  a  handsome  leatherette.  The  outer  case 
is  elegantly  embossed  in  gold  and  comes  in  your 
choice  of  three  popular  decorator  colors-black, 
brown  and  green— so  that  they  lend  themselves 
readily  to  the  decor  of  any  room* 

STEREO  REVIEW  large  capacity  storage  cases 
are  just  what  you've  been  looking  for— they’re 
the  ideal  solution  to  keeping  your  records  and 
tapes  neatly  stored  for  easy  use. 

(A)  60-unit  cassette  case  1314"  high  x  12%"  deep  x  514" 
wide.  $17.95  each;  3  tor  $49,95 

(B)  30-unit  cassette  case.  1314 "  high  x  614"  deep  x  5Vz" 
wide  $12.95  each;  3  tor  $34.95. 

(G)  12-unit  8-track  cartridge  case.  1314  "  high  x  614"  deep 
x  414"  wide.  $9,50  each;  3  for  324.95. 

Units  A,  B  and  C  have  tilled  compartments  to  prevent  spill¬ 
age  and  include  pressure  sensitive  labels  for  titling, 

(0)  6-unit  7"  reel  case  8"  high  x  714"  deep  x  5"  wide.  Holds 
reels  in  original  boxes.  $6,95  each;  3  for  $18.50, 

(EJ  20-unit  12"  record  case.  1314"  high  x  1214"  deep  x  3Vz" 
wide.  Holds  records  in  original  jackets.  $7.50  each; 
3  for  $19.95, 


HERE’S  HOW  TO  ORDER 

CASH;  Mail  your  order  along  with  your  name,  address  and 
remittance  in  the  amounts  indicated  above  for  the  units 
being  ordered.  PRICES  INCLUDE  ALL  POSTAGE  AND 
HANDLING  CHARGES.  OUTSIDE  U.S.A.  ADD  SI  PER  UNIT 
ORDERED.  Residents  of  Calif.,  CoL,  Fla.,  III,.  Mich,,  Mo., 

N_Y.  Stale,  D  C.  and  Tex  add  applicable  sales  tax. 

CHARGE;  Your  American  Express,  BankAmeri- 

card.  Master  Charge  or  Diners  Club  account,  feSn 

Mail  your  order,  name,  address,  credit  card 

number  and  expiration  date  (Master  Charge  Cl/SSl 

customers  include  four-digit  Interbank  Be  L 

sure  your  signature  is  on  your  order.  You  will  be  billed  in 

the  amounts  indicated  above. 

Identify  the  type  of  case  ordered  and  indicate  your  color 
choice  for  the  back  of  the  case— black,  green  or  brown 
(sides  in  black  only). 

MAIL  ORDERS  TO  ZIFF-DAVIS  CONSUMER  SERVICE  DIVISION 
DEPT.  PV,  595  BROADWAY,  NEW  YORK,  N.Y,  10012 

J 


AM  TUNER 

WITH  BUILT-IN  AMP 

/  •  Slide-Rule  Dial  Covers 

•  ( 10-watts  Peak  Power) 

•  ALL  SOLID  STATE!!! 

f*  For  l^e  Audiophiles  who  are  seeking  an  economy  hi-fi 

AM  only  at  our  give-away  price!  Never  advertised 
U  □  before.  Same  quality  and  construction  as  our  20W  to 

BOW  units.  Features:  4  controls;  Tuning,  Tone,  ON/OFF 
\  £Q  QE  Volume,  Circuit  Switch  (AM -phono).  2-Speaker  stereo 
-■>[  wvavv  effect  system,  G-ft.  power  cord.  Phono  cables,  with 
Y<~\  hookups.  115  VAC.  GO  cycles.  No  escutcheon.  Size: 

105/a  X  5  s/a  X  al/a"  deep.  Wt.  :)  lbs. 

A  AP  Never  before  have  we  ever  Seen  such  n  combination  of 
0319>v9  A¥  and  with  built-in  high  quality  at  such  a  low- 
price.  A  “natural”  for  the  economy-minded  Audiophile. 
Mk  HJI  FUJI  Features:  Tuning  Tone,  ON/OFF  Volume,  Balance.  Cir- 
MIY1  rm  cuit  Switch  (AM.  FM,  FM-AFC,  phono).  2-Speaker 
stereo  effect  system.  6 -ft.  power  cord.  Phono  cables, 

„  k  „  with  hook-ups.  116  VAC,  GO  cycles.  No  escutcheon, 
•fc-  Size:  13  x  7  x  3  V2 "  deep.  Wt.  3  lbs. 


LOWEST  PRICES  IN  POLY  PAKS  SMASHES 

USA  ‘CALCULATOR’  PRICES 

9- FUNCTION,  8-DIGIT 
MEMORY  CALCULATOR  KIT 

It’s  the  eailett  multi-  dullte  'vi?*  "'"‘“'•'""Al 'r— 

f.  4.-  .  ..  ,  .  .  Snlpir  °n  n*nsl  s*iut*.  oft  2fi  seconds  after  the  Ins 

function  kit  today!  SSi’u^  i tWSTflL'X'’  *?«*■?!■?„! 


DOUBLE  MEMORY 
Percent,  Constant, 
Display  Restore 


jr; 


4-Function 

Arithmetic 
22  KEYS! 


Irsvil 


EASl  TO  PUT  TOGETHER!  You  bet  it  is  .  .  .  imagine 
CHIPS  .i*'.  »r”xAn>m  bu‘  U  ONLy  RCOUIRCS  2 

2  V"5AO0UlrL,jo*>  that  for  "implicit,:  The 

LmnrT  ll.  “re  MS  Mem°ry  Storage  and  MR 

Mentor,  Recall  (requires  very  little  soldering) .  The 
Hui!  ny  rt,,l<f>r*  '«  to  conserve  battery  life.  Your 

dUplny  on  Panel  shut*  off  2fi  seconds  after  the  Inst 
operation.  By  depressing  ■D’'  key.  the  display  is 

on"  u7td  tnU -V  w  N  he“  ^aeleri#J5'  decimal  appears 
on  lift  to  h how  when  battened  need  replacement  of 

nrilthm«7>  1“*  Clear.  Constant,  Percent.  Sind 

nopk£t  W  l  te  “"d  Blue  colors.  Lightweight, 

Pocket  siso  5 Vs  x  3  x  ( 2 "  at  back  side)  x  1 <> 

unit  f„*rltK,,.?I-frKU,tr  I'8?1*3'  P««'  black  esse.  Nifty 
S?,1'  f“ r  business,  school  home,  and  for  the  youngsters 
>lips  into  any  pocket,  briefcase  with  ease,  Easy-to- 
une-*b*o“d  plcloral  ‘““‘ruction  booklet  and  how-to- 

siTteh<fLU?Cr,i,  'V5*'  ,22‘key  keyboard  1ti{,  ON-OFF 
switch  Iptfl  of  keyboard)  PC  board  driver  and  rn#mnft 

MVn'MSrflSf teikK!™*1"  “d  oie'"‘l 


BUY  ANY  10 
TAKE  15% 

BUY  100 
TAKE  25% 


H 


□  5N 7400  $.16  DSN7462  $.22 

□  SN7401  .16  DSN7470  .29 


□  SN7402  .16  □  SN747 1  .49  □  SN741  S3  40 

□  SN  7403  .16  □  SN747  2  .29  □  5N7I!  11  1?? 

□  SN 7404  .19  □  SN7473  .36  DSN74  Is  95 

□  SN7405  .19  □  SN  747  4  .36  □  SN741 11  'll 

□  SN 7406  .35  USN7475  .59  Qcn74  57  II 

□  SN 7407  .35  QSN7476  .39  Dcnta  Is  It 

□  SN7400  .19  □  SN 747  8  .79  O  1n741  60  ,  II 

□  SN7409  .19  □  SN  7480  .52  alUli  1?  25 

□  SN  74 1 0  .16  OSN748 1  .99  3I 

□  SN7411  .25  □  SN748 2  .89  0SN74  64  50 

□  SN7413  .59  O SN 748 3  1.25  05^74  ts  lo 

□  SN 74 1  4  1.65  □  SN 748 5  1.25  DSN74  66  MS 


□  SN7416 

□  SN  74 1 7 

□  SN  7420 

□  SN  74 1 2 

□  SN7423 

□  SN7425 

□  SN7426 

□  SN7427 

□  SN7430 

□  SN7432 

□  SN7433 

□  SN7437 

□  SN7438 
Q  SN7440 

□  SN  7 44  1 

□  SN7442 


11  R  K  1  □  SN741  73  1 .45  □  CD4025AE  .34 

•?!  RImtIoo  III  0SN74174  1.39  □  CD4026AE  3.9S 

if  RIK7HS  aSN74l75l.30  □  CD4027AE  .85 

'll  ,?!  □  SN74 176  1.20  O  C D402BAE  1.65 

'll  1  'IS  n  SN  74  17  7  1 .20  □  C  D4029AE  2.90 

ol  nlEylo?  Ml  □  SN741 80  .95  □  C04030AE  .65 

•2|  -59  □  SN74 1  8 1  2.98  QCO4033AE  3.95 


HlEZi \\\  Ml  □  C  D4000AE  $.29 
S|N74  23  .85  □  C D400 1  AE  .29 

M!  □  C  D4002  AE  .29 

USN74126  .59  □  C  D4006AE  2.50 

,  OSN74132  1.75  □  C  D4007  AE  .29 

□  SN74140  2.10  □CD4008AE  I.9B 

J  □SN74145  1.05  □  C  D4009AE  .59 

22  R  SN74 1 48  2.25  DCD4010AE  .59 
29  RSN74150  .98  □  C  D401  1  AE  .29 

49  R  5N7  41 5 1  .75  DCD4012AE  .29 

29  R  5N741 53  .90  □  CD401  3AE  .69 

36  H  SN741  54  1.35  □  CD4014AE  1.9B 

3S  °SN74155  .95  □  CD401 5AE  1.98 

S9  H  SN  7  4156  .95  OCO4016AE  .69 

•”  Q  SN  74 1 57  .95  QCO4017AE  1.75 

□SN74158  .95  □CO4018AE  1.9B 

•'5  O  SN  74 1  60  1.35  OCD4019AE  .69 
on  9  5N 74161  1.25  □  CD4020AE  1.98 

Mo  ^  SN741  63  1 .35  □  CO4021  AE  1.98 

Ml  OSN74164  1.50  OCO4022AE  1.70 
Q  SN74  1  65  1 .50  □CD4023AE  .29 

□  SN74166  1.50  QCD4024AE  1.50 

□  SN741  73  1 .45  □  CD4025AE  .34 

□  SN741  74  1.39  □  CD4026AE  3.95 

□  SN741  75  1.30  □  CD4027AE  .85 


l  I  Sfl 
flO0£ 
flBOO 

dbbd 


•  Lightweight,  pocket  else 
Extra  large  display 

«  S  functions  plus,  minus, 
times,  percentage,  constant 

•  Floating  decimal 

•  Chain  end  Mix  calculations 


•  Simplified  Indexing 

•  Mark  up  and  Mark  down 
>  Constant  multiplication 

and  division 
’  AC  adaptor  Jack 


THE  SIMPLEST!  FINEST!  SMALLEST! 

IOC  6-FUNCTION  AC-DC 
1 00  CALCULATOR  KIT! 


b  b  am 

fOLDt!)E3  ,  y 
lEmiDB 

iflUKut  1  yy  A 


ythe  rnur 
'/*  lively  d«« 

_  /,  tur  slnry. 


th*  ,5  digit  r*Adom.  SIMPLE!  Yin  bet  it  if 
T  ^  ii  If  ^v?n  Packed  in  a  multicolor  sttrsc- 
igned  box  that  in  Itself  tells  the  mini  calculi. 

*  Kirln(tvM*2n,«r*«iitVe,?tL'5W  £***  wi,h  r*d 
onlJ  2  L  p«  |5SR,:56i  18,  k*y  keyboard  that 
<miy  a**  x  2  with  2  switches,  one  tor  ON. 

l°r  X  constant:  MAIN  pc  board'  readout 
7-  £*}'  T'.ch  5030  2fl-Pi"  calculator  *ehlp; 


y  ,  'i'  ±?ur*i 

y  1  "C  J«ck;  9  Volt  bat tery  connector  reaiitor.f'fwoVr* 
.  I  ,h‘f  u  protective  plate:  necessary  wire  plug 


mictions  (Lesa  »  volt  standard  battery  and 

EASIEST  KIT  TO  BUILD 


.29  □  SN7492  .59 

.25  □  5N  7493  .59 

.29  □  SN  7494  ,95 

.16  □  5N7495  .79 

.25  □  5N  7496  .79 

.49  □  SN  74 1  00  1.40 

.34  □  SN  7  4 1  04  .44 


Me  11  OSN74192  1.25 

.16  □SN74106  .52  OSN74193  1  25 

1.00  □  SN74 1 07  .44  QSN74  94  20 

70  □SN74108  .8?  RSN7419S  .11 


□  SN74 1  12  .89  □  SN741  96  1 .80 

RImZaa!  ,?!  DSN741  13  .89  DSN74197  .90 
gf£J7446  1.15  □  SN741  1 4  .89  aSN74199  1.75 
ll  OSN74121  .49  □SN74200  4.95 


□  SN  7446  1.15 

□  SN7447  .99 

□  SN744B  .99 

□  SN7450  .16 

□  SN  745  1  .17 

□  SN7452  .17 

□  SN7453  .17 

□  SN7454  .17 

□  SN7455  .22 

□  SN7460  .17 


□  SN74180  .95  □  C04030AE  .65 

□  SN74  1  8  1  2.98  OCD4033AE  3.95 

□  SN74182  .74  □  CO403SAE  1.85 

.  DSN74I84  1,98  □  CD4040AE  2.45 

•ll  OSN74185  1.98  □CD4041AE  1.90 

•40  OSN741  90  1.40  □  CD4042AE  1.90 

•44  nSN74191  !.40  □  CD4043AE  1.50 

□  SN741  92  1 .25  □  CD4044AE  1.50 

□  SN741  93  1.25  □  C  D4049  AE  .79 

□  SN  74 1  94  1.20  □  C04050AE  .79 

□  SN7419S  .85  □CD4051AE  2.98 

□  SN  74 196  1.80  □  CO4052AE  2.98 

□  SN  74  1  97  .90  □  CO5053AE  2.98 

□  SN74199  1.75  □  CD4055AE  2.75 

□  SN74200  4.95  □  CD4056AE  2.50 

- □CD4060AE  3.25 

e  4-VOLT  NICAD  Q  CD4066AE  1.75 

3  POWER  PAN  □  CO4069AE  .45 

*  l  A  '  rell  mead  Q  C  D4Q7  1  AE  .45 

i-ouke-.l  ut.  t»  g.ve  □  C  D408  1  AE  .45 

'is.vVkffirb.7!  qjgHJSiS  3.10 

nartr.  Krchargrablr.  O  CD4520AE  3.10 


Kia  qc  4-VOLT  NIC Al 
POWER  PAR 


8RANO  NEW  LOWEST  PRICES 

GENERAL  ELECTRIC  9-WATT  n  CA 
AUDIO  AMP  3  FOR  44.00  u 

I)eli vers  3  watts  continuous,  10  watia  peak.  With 
heat  ninks;  micro-mini  si*e:  Vs X VaxVa".  9  to  30V  sup¬ 
ply.  High  aenailivsty.  M  to  1R  ohms. 


340X.160 

.2  1  Ox. 12  9 

Medium 

Micro 

□  Rad 

□  Red 

□  Green 

□  Green 

□  Yellow 

□  Yellow 

□  Amber 

□  Amber 

RAYTHEON-RCA 
NATIONAL  | — 
SIGNETICS 


LINEAR 

IC'S  I 


code  lynaQj 

5?*«  1»t.  2nd. 

Choices  of  Case  Style* 

(D?  -  8  thru  34 

(O)  -  Duels;  (Q)  _  Qll.d# 


□  LMS66  2-6F 

Typo  Solo  □  LM567  2.85 

BLM300  $  .69  n  LM702  49 

LM301  .29  a  LM703  -41 

□  LM302  .69  [  j  LM703M  -41 

□  LM304  ,79  □  LM709  25 

□  LM305  .89  []  LM710  29 

□  LM308  1,05  □  LM711  -29 

□  LM309H  1.05  □  LM723  -61 

□  LM309K  1.50  □  LM733  1.75 

□  LM310  1.10  □  LM741  .31 

□  LM311  .99  □  LM741CV  .31 

BLM318  1.75  □  LM747  ( D )  .69 

LM319  1.19  □  LM748  .35 

□  LM320*  1.25  □  LM753  1.79 

Q  LM322  1.75  DLM1303  .79 

□  LM324  (Q)  1.85  □  LM1304  1.00 

□  LM339  (Q)  1.45  □  LM1307  -79 

□  LM340*  2.50  □  LM1458(D)  .69 

□  LM341-T*  1.75  □  LM1496  .99 


Low  Prices 
On 

Calculator 

CHIPS 


□  CT  5030 
O  CT  *03 t 

BTMS-0J2S 
MM  3729 


1  2-Higlt*.  10  pin  .... 

D  -  Volt  vermon  of  5  001  -  , 
)2-r)igii*.  ax-pin. 
wilh  :l. function  memory  . 
il‘Fum*t»t»n  wilh  T-  .  . 
4-Funrtion  Only 

■I -Function  by  Texas . 

K- digits,  ■l-(iinct.  LED  »  . 


MM  5736  fi.Digil*,  2ft. pin,  9V  ,  , 


3-9*  3  fpr  4  ■ 

6.50  3  for  $1«, 

6.50  3  for  S14. 

3. 50  3  for  4  9 

3.50  3  for  49- 

3-50  3  for  49 

6.50  3  foe  44 


XENON 
FLASH 
STROBE 
TUBE 
□  $1-95 


“BLASTAWAY" 
ON  1N4000 
RECTIFIER  PRICES 


□  LM350 

□  LM370 

BLM371 
LM373 
□  LM374 
Q LM376 
□  LM377 
Q  LM380-8 
□  LM380 

SLM381 
LM3B2 

SLM531 
LM532 
□  LM533 
□  LM555 
n  LM558  (D  ) 
□  LM560 
□  LM561 
n  LM562 
□  LM565 


.69  n  LM 1800  3.50 

1.05  □  RC2556  ( D )  2.25 
1.05  □  CA3026  .59 

1.95  □  CA3045  .59 

1.95  □  CA3054  .59 

.49  Q  CA3065  .59 

2.50  □  CA3082  .59 

1.10  Q  LM3900  -49 

1.39  □  RC4136  (Q)  1-95 
1.69  □  RC4195  2.50 

1.69  □  LM4250C  2.10 

1.95  □  LM7520  .59 

1.95  GLM7521  .59 

1.95  n  LM7522  .59 

.88  □  LM7523  .59 

.69  H  LM7524  .59 

2.50  C  LM7525  .59 

2.50  □  LM7528  .59 

2.50  D  LM7529  59 

2.50  □  LM7535  .59 


□  5  5  5 T}msr 

OR  I 

□  55  8  741 

2  for  $1 

Sa/c  $ood  till 

Sep.  1  5„  1975 


□$1.98 


„  Type  PIV  Sale 

□  1N4O01  50  10  lor  45c 

□  IN 4002  100  10  for  55c 

□  1N4003  200  10  for  65c 

□  1N4004  400  10  for  75c 

□  1N4005  600  10  for  85c 

□  1N4006  800  10  for  99c 

□  1N4007  IOOO  10  for  1.29 

DIGITAL 
„ ,  “BEEP” 
ALARM 

S  MICRO  4 
1975] SPEAKER  ty 

Made  (or  Motorola  at  an 
original  $4.50  cost.  It  ob- 
soletes  cumbersome  speak¬ 
ers  in  digital  clocks,  fits 
easily  on  PC  boards.  “A 
true  space  saver”,  use  with 
such  alarm  chips  as 
MK-50250,  CT7001  and 

MM5316.  It's  a  mike 
speaker  too.  Adaptable  to 
1000’s  of  compact  micro- 
circuit  uses. 


MICROPROCESSORS! 
X  ROMS!  RAMS! 
MEMORIES! 


□  8008  Microprocessor . .544.00 

□  8080  Super  80  0  8  . 250.00 

□  2102  1024  Static  RAM  ....  3-95 

□  1101  25  6  bit  RAM .  1.50 

□  1 103  1  021  bit  RAM .  2.95 

□  MMS260  1024  RAM .  2.95 

□  MM5262  204  8  bit  RAM  .  .  .  6.50 

□  2513  Character  generator  .  .  12.50 

□  MM5203Q  Eraceable  PROM  .  19.95 

□  MM5202Q  Eraceable  PROM  .  19.95 

□  1702A  Eraceable  PROM  .  .  .  19.95 

□  8223  Prognimmable  ROM  2.95 


^  ‘BEEPER”  AND  “DATER’ 
CLOCK  ON  THE  CHIPS 

imagine  a  chip  (MK5025Q) 
‘TOESfifijirau  '  Beepin''  and  audible  alarml 
'  'MfUUP  Ail  others  are  external.  It 
|f also  features  internal  bright- 
□  >1  ness  control.  The  CT7  001 

requires  external  triggering 
MK50230  Qf  alarm,  date  of  the  month 
BEEPER  and  direct  drive  to  LED 
S  8.50  readouts.  Both  require  min¬ 
imum  current  drain  and 
voltages,  for  either  4  to  6 
LED  readouts.  12  or  24 
hours.  AM  and  PM. 

0  CT7001  Alarm  and  Date.  .  .  .56.95 


Micro  (Axial)  MV-SO  Btyle 

y^\  D  MV-50  Clear  ....  10  for  $1. 

□  MV-55  Red .  6  for  *1. 

7-SEGMENT  READOUT  SALE! 

*  Up  to  20  mils  per  seg.  at  5V,  MAN-i 

*  All  fit  Into  14-pln  1C  socket. 

Type  Slxn  Color  Sale  3  for 

□  MAN-1  .27  Red  *2.50  56.00  m 

□  MAN-3MA  .12  Red  .69  2.00 

□  MAN-4AB  .27  Red  1.95  5.00 

□  MAN-5  .27  Green  1.50  4.00 

□  MAN-6  .6  Red  4.50  12.00  ( 

□  MAN  -64  .4  Red  3.50  9.00 

□  MAN-7  .27  Red  1.00  2.50 

□  MAN-8  .27  Yellow  1.50  4.00W 

ALL  ABOVE  BY  MONSANTO 


Type 

□  SLA-1 

□  SLA- 1 

□  SLA-1 

□  SLA-3 

□  SLA-3 

□  707 

□  7  04A 

□  701C 


Size  Color  Sale  3  for  Wttft 
.33  Red  $1.95  SS.00 
.33  Green  1.95 
.33  Yellow  1.95  5.00  *'Jj 

.7  Green  4.95  12.00^£Sb 
.7  Yellow  4.95  12.00W9 
.33  Red  1.95  5.00 


□  7  04A  .33  Red  1.95  5.00  mfl 

□  701C  .33  Red  1.50  3.00  ” 

□  FND-70  .25  Red  1.50  3.00  5LA-J 

A — Common  Cathode,  others  Common  Anode 
B — With  bubble  magnifier 
C— Plus  or  Minus  1 

LITRONIX  “JUMBO'S” 

+  Singles  sixe:  1  x  3/4  x  5/16 

*  Duels  size:  .8  X  .9  x  .29 

*  7- Segment,  25-mlls  per  segment 

Type  Size  Color  Sale  3  for  DJI 

□  72 ID  .5  Red  *5.95  515.00  Wttl 

□  727E  .5  Red  5.95  15.00  flffk 

□  746F  .6  Red  3.95  11.00  Iffll 

□  747  .6  Red  3.95  11.00  liP 

D - Plus  or  Minus  1  plus  a  digit  dVa  digits) 

E - Equal  digits 

F - Plus  or  Minus  1 


J?H-eCWUUh  ith  dia°gr- 

heavy-duty  alunrunum  case.  _ _ 

and  v-^kupB.  — — 


.  •  >  TO  UCH  TONE  $4 .9  5 

KEYBOARD  KIT 

Kit  includes"""*'^'  4  x  21/?"  G-10  glass  etched  pc  hoard, 
with  10  OAK  '  smooth  touch”  white  keys  with  black 
numerals,  plus  diagram  on  "touch  tone  encoder".  Makes 
many  "keyboard  systems"  readily  available. 


Term*:  add  |i«»lage  Rated:  net  40 
Phone  Orders:  Wakefield.  Mass.  (617)  245-11829 
Retail:  1  G- 1  8  Del  Carmine  St..  Wakefield.  Mass, 
loll  Water  Street)  C.O.D.  S  MAY  BE  PHONED 

□  20c  CATALOG  on  Fiber  Optics,  iCs',  Semi's.  Parts 

MINIMUM  ORDER  -  54.00 

POLY  PAKS 

P.O.BOX  842E,  LYNNFIELD.MASS.  01S 


JULY  1975 


CIRCLE  NO.  35  ON  READER  SERVICE  CARD 


mm  ■■  DATA  SHEETS 

L  U  WITH  EVERY  ITEM 

K  739/749  1C  WITH 

|  llahl  EVERY  $10  ORDER 

•  REDUCE  YOUR  PROJECT  COSTS 

•  MONEY-BACK  GUARANTEE 

•  24-HOUR  SHIPMENT 

•  ALL  TESTED  AND  GUARANTEED 

•  TRANSISTORS  (NPN): 

2N35G3  TYPE  RF  Amp  &  Osc  to  1  GH z  (p!.2N918)  B/S1.00 

2 N 3565  TYPE  Gen.  Purpose  High  Gain  (T0-92/106)  6/S1.00 

2N3567  TYPE  High-Current  Amplifier/Sw  500  mA  4/Sl.OO 

ZN3866  TYPE  RF  Pwr  Amp  1-ZW@  100-600  MHz  $1.50 

2N3903  TYPE  GP  Amp  &  Sw  to  100  hi  A  and  30  MHz  6/$1.0Q 

2N510B  RF  POWER  AMP2W@450  MHz,  1  W@1  GHz  $2.50 
2N3919  TYPE  RF  Pwr  Amp  3-5  W  @  3-30  MHz  $3.00 

2N4274  TYPE  Ultra-High  SpBed  Switch  12  ns  4/Sl.OO 

MPS6515  TYPE  High-Gain  Amplifier  hpE  250  3/S1.D0 

Assort.  NPN  GP  TYPES,  2N3565.  2N3641,  etc.  115)  $2.00 

2N3638  TYPE  (PNP)  GP  Amp  &  Sw  to  300  mA  4/51  .OU 

2N4249  TYPE  (PNP)  Low-Noise  Amp  1  ;iA  to  50  mA  4/S1.00 

•  FET's: 

N-CHANNEL  (LOW-NOISE): 

2N4091  TYPE  RF  Amp  &  Switch  (TO-1B/106)  3/S1.00 

2N4416  TYPE  RF  Amplifier  to  450  MHz  (TO-72)  2/$1.00 

2N5163  TYPE  Gen.  Purpose  Amp  &  Sw  (T0-106)  3/S1.00 

2N5486  TYPE  RF  Amp  to  450  MHz  (plastic  2N4416)  3/S1.00 

E100  TYPE  Low-Cost  Audio  Amplifier  4/Sl.OO 

ITE4868  TYPE  Ultra-Low  Noise  Audio  Amp.  2/S1.O0 

TIS74  TYPE  High-Speed  Switch  40ft  3/SI  .00 

Assort.  RF  &  GP  FET's,  2N5163,  2N5486,  etc.  (8)  $2.00 

P-CHANNEL: 

2N4360  TYPE  Gen.  Purpose  Amp  8i  Sw  (TO- 1 06)  3/SI. 00 

E175  TYPE  High-speed  Switch  125ft  (T0-106!  3/SI, 00 

SUMMER  SPECIALS:” 

1N4154  DIODE  30  V/10mA-1N914  exc.  30  V  20/SI .00 

ZN3904  NPN  TRANSISTOR  GP  Amp  &  Switch  S/St.OO 

2556  DUAL  555  TIMER  1  jMtto  1  hour  (DIP)  Sl.00_ 

2N2222  NPN  TRANSISTOR  GP  Amp  &  Switch  5/S1.00 

2N2907  PNP  TRANSISTOR  GP  Amp  &  Switch  5/S1.00 

ZN3553  RF  POWER  AMP5W@  150  MHz _ 2JJ0 

•  LINEAR  ICY. 

308  Micro-Power  Op  Amp  (TO-5/MINI-OIP)  $1.00 

309 K  Voltage  Regulator  5  V  @  1  A  (TO-3)  $1.50 

324  Ouad  741  Op  Amp,  Compensated  (DIP)  $1.90 

380  2-5  Watt  Audio  Amplifier  34  d8  (0  IP)  SI  .29 

555X  Timer  1  j«*1  hr,  Oif.  pinout  from  555  (DIP)  S  -85 

709  Popular  Op  Amp  (DIP/T0-5)  S  -29 

7Z3  Voltage  Regulator  3-30  V  @  l-250mA  (OIP/TO-5)  S  .58 
739  Dual  Low-Noise  Audio  Preamp/Op  Amp  (DIP)  $1.00 

1458  Dual  741  Dp  Amp  (MINI-DIP)  $.65 

741  Freq.  Comp.  OP  AMP  (DIP/TD-5/MINI-DIP)  3/51.00 

•  DIODES: 

1N3600  TYPE  Hi-Speed  Sw  75  V/200  mA  6/S1.00 

IN 3893  TYPE  RECTIFIER  Stud  Mount  400  V/12  A  2/S1.00 
1N914  or'IN4148  TYPE  Gen.  Purp.  lOOV/IOmA  10/SI .00 

1N749  ZENER  4.3  Volt  (±10%)  400  mW  4/Sl.OO 

1N753  ZENER  6.2  Volt  (±10%)  400  mW  4/Sl.OO 

1N755  ZENER  7.5  Volt  (±10%)  400  mW  4/Sl.OO 

1N757  ZENER  9.1  Volt  (±10%)  400  mW  4/Sl.OO 

1N758  ZENER  10  Volt  (±10%)  400  mW  4/S1.0Q 

1N965  ZENER  15  Volt  (±1 0%)  400  mW  4/Sl.OO 

1N968  ZENER  20  Volt  (±10%)  400  mW  4/Sl.OO 

05  VARACTOR  5-50  W  Output  @  30-250  MHz,  7-70  pF  $5.00 
F7  VARACTOR  1-3  W  Output  @  100-500  MHz,  5-30  pF  $1.00 

‘MAIL  NOWI  FREE  DATA  SHEETS  supplied  with  every  item  from 
this  ad.  FREE  739  or  749  Low-Noiee  Oual  Op  Amp  included  ($1-00 
value)  with  every  order  of  $10  or  more,  postmarked  prior  to  9/30/75 
ORDER  TODAY— All  Items  subject  to  prior  sale  and  prices  subject  to 
change  without  notice.  All  items  are  new  surplus  parts  -  100% 
functionally  tested. 

WRITE  FOR  FREE  CATALOG  offering  hundreds  of  semiconductors 
not  listed  here.  Send  10a  stamp. 

TERMS:  All  orders  must  be  prepaid.  We  pev  postage.  $1.00  handling 
charge  on  orders  under  $10.  Calif,  residents  add  6%  sales  tax.  Foreign 
orders  -  add  pottage.  COD  orders  -  add  $1.00  service  charge. 

ADVA 

ELECTRONICS 

BOX  4181  AK,  WOODSIDE,  CA  94062 
Tel.  (415)  851-0455 
CIRCLE  NO.  3  ON  READER  SERVICE  CARD 


TEST  EQUIPMENT— DISCOUNT  PRICES:  B&K,  Sencore, 
Leader,  EtCO,  Lectrotech.  M&K  Electronic  Corp„  135-33 
Northern  Blvd.,  Flushing,  N.  Y.  11354. 


ELECTRONICS 


fpairas 

JLJir  ELECTRONICS  BOX  2355,  A OC.C.  I  Ql 
J  OAKLAND  AIRPORT,  CA  9^  |  |  V1 ;  ^ 

jPlantronics 

Jl-leadset  ^59.95 

j  ^  ^  watch ¥ 

J  these  lack  readout  +  ic,  T 

T  f  nr  ,  but  have  parts  like  volt- 

*  I  V  rff  /jr\\  CONVERTER  FOR  DRIVING* 
Jf  A  mTA  UU  ft  I  I  LCD  DISPLAYS.  POWERCELL,  * 
ji  \\  &0  S  I  MORE.  32.768  KHZ  CRYSTAL  i 

2-  "  n  /  #  ALONE  IS  WORTH  THE  PRICE.  £ 


„  FOR  SWITCHBOARDS,  AIRCRAFT, 
HAH,  CB,  TELEPHONE  SYSTEMS. 
”  LIGHT,  DURABLE,  ADJUSTABLE. 

►  HAS  BUILT-IN  MIC  AWL3FIER. 
h  COMPLETE  W)  READY  TO  GO — 

►  UNCONDITIONALLY  GUARANTEED. 


CHEPP$1295| 
CLOCK !  t 

6  DIGITS,  BOARD,  PARTS,  A  f 
LENS.  LESS  CASE  A  XFRMER  £ 


.  4IINIC0A1PUTER 
BASIC  CHIP  SET 
’  0-2102*,  1-8008 


665 


THE  2102  IS  A  1024  X  1  BIT 
STATIC  MEMORY  THAT  RUNS  ON' 
•-5V  —  8008  IS  AN  8  BIT  CPU 


(■IIS)  357-7007  FOR  MASTERCHARGE  OR  BAC.  NO  COD  ORDERS.] 


SURPLUS  BARGAINS,  Computer  Accessories,  Equipment, 
Energy  Conservation,  Technical  Reports,  Kits,  Semi¬ 
conductors,  Specifications,  20%  —  90%  Discounts. 
Catalog  751,  50  cents.  E/S  Lab.  Box  738,  College  Park, 
Maryland  20740, _ 


A  ^  A 


PAIA  ELECTRONICS.  INC. 

BOX  P14369,  OKLAHOMA  CITY,  OK  73114 


COMPLETE  CONSTRUCTION  PLANS.  Roulette  wheel, 
logic  probe,  many  other  solid  state  projects.  Write  for  free 
catalog.  Robert  Delp,  Box  1028H,  Fremont,  CA  94538. 

AM  RADIO  DISTANCE  GETTER!  500-1000  miles  daytime. 
Info,  SASE.  Supercieve,  2555  Sykes,  Rogue  River,  OR 
97537. 


Q£  TYPE  C 10661  SCR 

Amp  ^0(1 1*  t  V  Sit.  *  9?  c<  or>n  > 

6St  ••  or  IM.00M00 


00?  iuo  *!io  *lo*  JV  rc  smt tifcutoiYric CUMOTOK 
oo.i  van  .i*  .0*  "  •'  " 

no4  tor)  .h  .oi  \\ 


Are  YOU  on  our  mailing  list? 

CALL  TODAY  FOR  YOUR... 

Ifree  catalog! 


mm* 

-am  s  ® 


DESCRAMBLERS 

Several  models  to  choose 
from. .  .operates  with 
all  scanner  and  monitor 


WRITE  or  CALL  for  Catalog 
l  Phone  (501)  273-5340 


I  WO  AS 


ELECTRONICS 


V  tnu  Euciumtccuunmt 

»t3m  ”  J?o  i  n  i“n 


jKRYSTAL  KIT8,  Box  445,  BENTONVILLE,  ARK.  72712  | 

PROGRAMMABLE  operation  of  your  Pocket  Calculator 
with  our  “PA-1"  accessory  gives  expanded,  faster,  error- 
free  results.  Money  back  guarantee.  $14.95.  Specify  your 
model.  Wescraft  General,  Box  611,  Mesa,  AZ  85203. 

ELECTRONIC  Components,  meters,  government  surplus 
receivers.  Catalog  Free.  Ed  French,  P.O.  Box  249*  Aurora, 
III.  60507. 


HUGE  1  1/4"  SEVEN  SEGMENT,  NUMERIC,  LED 
DISPLAYS  SPECIAL  $4.95.  Miller  Clockworks,  P.  O.  Box 
838,  Eatontown,  N.J.  07724. 


MOSTEK  MK 50250  "beeper”  alarm  clock  IC  $5.95 — Jumbo 
0.8"  747  LED  display  $1.95—0.33"  707  display  85  cents  — 
Complete  clock  kits  including  power  supply  and  PC 
boards  available.  All  new,  guaranteed  parts.  Catalog  25 
cents,  redeemable,  Diamondback  Engineering,  PO  Box 

194,  Spring  Valley,  111.  81362. _ 

NEW  ORGAN  KIT  BUILDER'S  GUIDE  $3.00.  Circuits,  block 
diagrams,  details  on  diode  keyed  IC  divider  and 
independent  oscillator  designs.  Many  new  kits  and 
models.  Keyboards  also  for  synthesizers.  Manual  cost  re¬ 
fundable  with  purchase.  DEVTRONIX  ORGAN 
PRODUCTS,  Dept.  C,  5872  A/napola  Dr.,  San  Jose,  CA 
95129. 


PRECISION  RESISTORS— 12/$  1,00,  over  50,000  in  stock. 
300  Values.  Send  $1.00  for  list  and  samples.  Herman,  Box 
535,  St.  James  City,  Fla.  33956. 


If  You  Own  or  Plan  on 
Owning  an 

Altair  8800 

Mark  8,  Scelbi,  or  homebrew 
8008  or  8080  System  you  should 
be  in  touch  with  us. 


We  supply  MOD  8  -  MOD  80s 
DEC'M  PDP8A’s,  LSI-1 1  ’s 

NEW  LOW  PRICES 

UART’s .  9.95 

8101  .  . . .  Memories  . . .  .  8.95 

2102 .  . . .  Memories  . . .  .  3.95 

8008  . (Hobby  Grade) . 29.95 

8008  . . .  .(Commercial  Grade). . .  39.95 
8080  . 139.95 

2K— 4K  memory  board  -  audio 
cassette  interfaces  -  input  - 
output  boards  -  scientific 
calculator  interface  - 
many  others. 

MiniMieroMurt 

1618  James  Street 
Syracuse,  New  York  13203 
(315)  422-4467 

_ CIRCLE  HO.  50  OK  REAPER  SERVICE  CARD _ 

SPECTACULAR  MUSIC  PATTERNS  on  color  television 
from  your  amplifier.  Easy.  Won't  affect  television.  "Tele¬ 
vision  Color  Organ"  plans,  $5.  ELECTRONIC  AIR 
CLEANER  from  old  television  high  voltage,  Plans  $4. 
Malvern  Electronics,  Box  338P,  Malvern,  Ohio  44644. 
AUTOMATIC  MORSE  CODE:  “Who  needs  to  know  CW?" 
The  Automatic  Fist  Follower  and  Morse  Generator  by 
W7CUU.  Featured  in  Ham  Radio  Magazine,  November 
1971/April  1975.  Information  on  construction  plane  sale. 
$1.00.  VMG  Electronics,  2138  West  Sunnyside,  Phoenix, 

Arizona  85029. _ 

FLOPPY-DISC  drives  with  complete  electronics.  The  low¬ 
est  prices  available  on  a  first  time  offering  of  industry's 
latest  designed  magnetic  storage  drives,  provides  2.5  meg- 
bits  of  memory  for  Aitair  8800  or  other  minicomputers. 
Dealer  inquiries  invited.  Send  S.A.S.E.  for  complete  infor¬ 
mation.  WESTERN  DATA  SYSTEM,  P.O.  Box  24915.  SAN 

JOSE,  CALIF.  95154. _ 

WHY  RENT  EXTENSION  PHONES'?  Buy  your  own  and 
save.  Detailed  guide  "BASIC  TELEPHONE  WIRING"  $4.00 
postpaid.  Queens  Village  Telephone  Supply,  Box  29002-R, 

Queens  Village,  NY  11429. _ 

CARTRI VISION — New  blank  videotapes:  112  minute 
$18.98;  sixty  minute  $10;  handling  and  shipping  $1.50 
each;  California  residents  add  sales  tax.  Phoenix  Services, 
Box  6509.  San  Jose.  Calif.  95150. 


BUILD  most  ±  regulated  and  current  limited  power  supply. 
Complete,  easy  to  understand  guide,  $4.25.  TV  PING 
PONG  game.  Plays  through  your  set’s  antenna  terminals: 
Plans  $3.25.  ARS  SYSTEMS,  Box  1922H.  Sunnyvale,  CA 
94088. 


VIDEO  PING  PONG 


PLANS  -  PC  CARDS  -  KITS 
ATTACHES  TO  YOUR  TV'S  ANT.  | 
ONLY  14  ICS  MOSTLY  7400 
FAMILY.  SEND  SO  •  FOR  INFO-  | 
PACK  -  REFUNDED  WITH  FIRST 
PURCHASE 

j  D.  Duncan  Electronics  . 

20650  Runnymede  Cano|aJ*ark  Ca  91306  ] 

ELECTRONIC  SURPLUS — Catalog  of  Bargains,  25  cents. 
Refundable  w /order.  Atlantis,  P.O.  Box  12654P,  Tucson,  AZ 
85711, 


ALTAIR  OWNERS — we  have  accessory  boards,  com¬ 
ponents,  memories,  etc.  Boards,  IC  Kits  for  most  popular 
minis.  Mini  Micro  Mart,  1618  James,  Syracuse.  NY  13203. 
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POPULAR  ELECTRONICS 


C-MOS 


1-9  10  up 

4000AE  .26  .25 

400 1 A  E  .26  .25 
4002AE  .26  .25 

4004AE  5.83  5.82 

4006AE  1.35  1.34 

4007AE  .26  .25 

4008 A  E  1.79  1.78 
4009AE  .50  .59 

401 OAE  .59  .58 
401 1AE  .26  .25 
4012AE  .26  .25 

401 3AE  .47  .46 
401 4AE  1.49  1.48 
401 6AE  1.26  1.25 
4016AE  .56  .55 

401 7  AE  1.20  1.19 
4018AE  1.49  1.48 

401 9AE  .52  .51 
4020AE  1.49  1.48 
4021  AE  1.34  1.33 
4022AE  1.11  1.10 

4023AE  .26  .25 

4024AE  .90  .89 

4025AE  .26  .25 

4026AE  3.72  3.70 
4027AE  .60  .59 

4028AE  .98  .97 

4029AE  1.27  1.26 

4030 A  E  .44  .43 
4033AE  3.01  3.00 

4035AE  1.27  1.26 

4040 A  E  1.49  1.48 
4041  AE  4.06  4.05 
4042AE  .76  .74 

4043 A  E  .60  .69 
4044AE  .60  .59 

4047AE  3.64  3.53 
4048  A  E  1.43  1.42 
4049AE  .62  .61 

4050AE  .52  .51 

4051  AE  1,34  1.33 
4052AE  1.34  1.33 

4063AE  1.34  1.33 

4065AE  2.68  2.50 
4056AE  3.43  3.39 
4060AE  1.50  1.49 

4066AE  .90  .89 

40B9AE  .78  .60 
4071AE  .26  .26 

4076AE  1.68  1.48 

4081  AE  .26  .25 
451  OAE  1,98  1.78 
4516AE  2.88  2.78 

451 BAE  3.28  2.98 
4520AE  1.88  1.68 


SCHOTTKY  TTL 


WAVEFORM  GENERATOR 

XR205K  KIT  Only  $25.00  , 

Here's  a  highly  versatile  lab  in¬ 
strument  at  a  fraction  of  the  cost 
of  conventional  unit.  Kit  includes 
two  XR205  IC's,  data  &  applica¬ 
tions,  PC  board  (etched  &  drilled, 
ready  for  assembly)  and  detailed 
instructions. 


DUAL 

LOW  NOISE 
OP  AMP 

LM331N: 

Vio  =  6m  V 
Is.-  1000  nA 
1b=  2000  nA 
Noise  -  I.SdB 
$2.20 


7400N  TTL 

7400N  $.14  7 

7401 N  .17  7 

7402N  .14  7< 

7403N  .17  7 

7404N  .20  7> 

7405N  .20  7' 

7406N  .35  7< 

7407N  .45  7. 

7408N  .18  7* 

7409N  .23  7. 

741  ON  .18  7. 

741  IN  .27  7. 

7412N  .52  7 1 

7413N  .65  7. 

7414N  1.80  7< 

741 5N  .37  7- 

7416N  -36  7- 

741 7N  .37  7‘ 

7 42 ON  .17  7- 

7421N  .60  7- 

7422N  .27  7- 

7423N  .48  7- 

7425N  .34  7- 

7426N  .27  7- 

7427N  .31  7- 

742BN  .52  7- 

7430N  .20  7. 

7432N  ,27  7- 

7433N  .62  7- 

7437N  .36  7- 

7438N  .35  7- 

7439N  .90  7- 

7440N  .16  7‘ 

7441N  .95  7- 

7442N  .78  7* 

7443N  .95  7* 


7444N  $1.05 
7445N  1.04 

7446N  1,10 

7447N  1.00 

744BN  1.00 

7450N  ,15 

7451N  .20 

7453N  .20 

7464N  .26 

7455N  .37 

7460N  .26 

746 2N  .37 
7464N  .37 

7465N  .37 

7470N  .30 

7471N  .49 

7472N  .33 

747  3N  .38 
7474N  .36 

7475N  .60 

7476N  .45 

747  8N  .55 

7480N  ,60 

748  IN  1.19 

7482N  .90 

7483N  ,50 

74B4N  3.02 

74B5N  2. B0 

74B6N  .40 

7489  N  2.40 
7490N  .80 

7  49  IN  1.00 
7492N  .84 

7493N  .60 

7494N  1.20 

749  BN  .SO 


7496N  $.86 

74100N  1.30 
741 04N  1.25 
741 05N  .45 

741 07N  .40 

74109N  .92 

741 10N  .72 

7411  IN  .92 
741 14N  .92 

741 15N  .92 

74118N  1.51 
741 21 N  .50 
74122N  .50 

741 23N  .90 

74125N  .60 

74126N  .64 

74128N  .95 

741 32N  1.80 
741 36N  .92 

74140N  2.60 
74141N  1.19 
74146N  1.0B 
741 47N  2.90 
74148N  2.20 
74150N  .99 

741 51N  .34 

741B2N  1.60 
74153N  1.05 
74154N  1.48 
741  65N  1.0B 
74166N  1.18 
74167N  1.18 
74158N  1.44 
741 60N  1.50 


741 6 1 N  1.28 
74162N  1.50 
74163N  1.48 
74164N  1.70 
74165N  1,78 
74166N  1.50 
74170N  2.60 
741 73N  1.55 
74174N  1.20 
741 75N  1.60 
74176N  1.30 
74177N  1.50 
74180N  1.05 
741B1N  3.20 
74182N  .75 

741 84N  2.90 
741 85N  2.29 
741 88N  4.90 
74190N  1.49 
741 91 N  1.49 
74192N  1,40 
74193N  1.29 
74194N  1.35 
74196N  .80 

74196N  1.90 
74197N  .80 

74198N  2.00 
74199N  2.09 
74200N  5.90 
74221 N  1.75 
74251 N  1.75 
7427BN  2.95 
74279N  1.10 
74293N  .95 

74298N  2,55 


DISPLAYS 

OPCOA 
SLA1  Red 
SLA11  Green 
SLA21  Yellow 
SLA7  Red 
LITRONIX 
DL80  Red 
DL81  Red 
OLIO  Red 
DL10A  Red 
DL101  Red 
DL57  Red 
DL51  Red  1 
DL33  Red 
DL44  Red 
□  L402  Red 
DL701  Red 
DL704  Red 
OL707  Red 
DL747  Red 
XClTON 
XAN72  Red 
XAN52  Green 


EP  8125  - -U 

9-DIGIT  DISPLAY 

$7.90 

•  1/8"  character  height 

•  compact,  thin  PC 

package 

•  wide  viewing  engle 

OPTOISOLATORS 

MONSANTO 
MCT2  1.35 
LITRONIX 
1L1  1.30 

I L12  1.40 

IL16  1.80 
I L74  1.35 

ILD74  1.75 
ILQ74  a  40 

_  9300  SERIES 


CALCULATORS 
(Limited  Qty.) 
$19.00 

1024-BIT 
N -Channel 
RAM 

2601-1  11.40 

2601- 21  11.40 

2 8028  8.00 

2602- 1 B  8.00 
2602-28  8.00 
MK4102P  11.40 
7552-1  CPE  8.00 
7552-2CPE  8.00 


74LS00  .58 

74LS01  .58 

74LS02  .58 

74LS03  .58 

74LS04  .63 

74LS05  .63 

74LS08  .58 

74LS09  .58 

74LS10  .58 

74LS11  .58 

74LS15  .58 

74LS20  .58 

74LS21  ,68 

74LS22  .58 

74LS27  .64 

74LS30  .58 

74LS32  ,64 

74LS51  .58 

74LS54  .58 

74LS55  .58 

74LS73  .92 

74LS74  .92 


74LS76  .92 

74LS78  .92 

74LS107  .92 
74LS109  .92 
74LS112  .92 
74LS113  .92 
74LS114  .92 
74LS13B  2.38 
74LS139  2.30 
74LS151  2.10 
74LS153  2.38 
74LS167  2.10 
74LS15B  2.40 
74LS160  2,70 
74LS161  2.70 
74LS170  5.92 
74LS 174  3.02 
74LS175  2.90 
74LS1B1  3.72 
74LS251  2.65 
74LS263  3.06 
74LS260  .58 


9300PC  1.00 
9301  PC  1.20 
9304PC  1.50 
9306PC  6.90 
9308PC  2.50 
9309PC  1.60 
9310PC  1.50 
931 1PC  2.30 
9312PC  1.20 
9314PC  1.30 
9316PC  1.50 
931 8PC  2.30 
932 1  PC  1.20 
9  32  2  PC  1.30 
9324PC  2.00 
9328PC  2.50 
9334PC  2,95 
9338PC  3.30 
9340PC  5.00 
9341  PC  4.10 
9342PC  1.16 
9360PC  1.7  6 
S366PC  1.75 


LEDs 

"1 

.125“  dia. 

209  Red 

209  Yellow 

209  Green 

.160"  dia. 

216  Red 

.25 

216  Yellow 

:tj 

216  Green 

.200"  dia. 

220  Red 

.25 

220  Yellow 

nn 

220  Green 

n-3 

LOW  PROFILE 

226  Red 

i..  ■■ 

226  Yellow 

.30 

226  Green 

.30 

226  Orange 

.30 

5053  Red 

5053  Yellow 

.AO 

5053  Green 

.dm 

5053  Orange 

fiin 

216  *  MV 50 24  \ 

SOS 3  “Af  V50S3  1 

1-AMP  RECTIFIERS 


10 

1 N  400 1  1.00 
1N4002  1.10 
IN  4003  1.20 
1N4004  1.30 
1N4005  1.40 
1N4006  1.50 
1N4007  1.60 


100  1000 

7.00  60.00 

B.00  70.00 

9.00  80.00 

10.00  90.00 

11.00  100.00 
12.00  110.00 
13.00  120.00 


PHASE-LOCKED 

LOOPS 

LM567CM  Mint-dip  1.80 


DECODED 

READ/WRITE 

RAM 


PREMIUM 


U  COMPONENTS  interface  modules 


We've  been  buying  and  selling  top  quality  components  for  nearly 
ten  years.  Our  annual  volume  exceeds  $3  million.  > 


74S15BN  2.40 
74S160N  4.70 


.45 

74S74N 

1 .30" 

74S161N 

4.70 

.80 

74S85N 

6.10 

74S174N 

3.30 

.75 

74S86N 

2.70 

74S175N 

3.30 

.75 

74S112N 

2.20 

74S181  N1  0.20 

.80 

74S113N 

1.50 

74S189N 

5.10 

.75 

74S132N 

3.60 

74S194N 

3.30 

.65 

74S133N 

.90 

74S195N 

3.30 

.80 

74S138N 

2.40 

74S2S1N 

2.40 

.80 

74S139N 

2.40 

74S253N 

2,40 

.80 

74S140N 

.90 

74S257N 

2.40 

.80 

74S151N 

2.40 

74S258N 

2.40 

.80 

74S153N 

2.40 

74S260N 

.90 

.80 

74S157N 

2.40 

74S280N 

5.70 

We  handle  only  original  parts,  from  the  world's 
leading  manufacturers  and  our  customers  include  ( 
some  of  the  largest  and  most  quality-conscious  ) 
companies.  Now  you  can  take  advantage  of  our  \ 
component  buying  skills  and  power  and  select 
from  a  broad  range  of  advanced  circuits. 


^  FIRST  \ 
|QUAUTY(| 
s.  ONLY  X 


CY1010  Inttr.  Amp.,  Bipolar  Inpun  CO 

CY101 1 A  Inetr.  Amp.,  Bipolar  Inpui ag  co 

CY 1 020  Instr.  Amp.,  FET  Inpun  CO 

CY  1021  |n«tr.  Amp.,  FET  Input  JH.C0 

CY  1 021 A  Inetr.  Amp.,  FET  Input  in  CD 

CY2137  DAC,  10  Bit,  Low  Drift  30. M 

CY221B  DAC,  12  Bit,  2  Quad  MuJtimy iftfl  140.00 

CY2237  DAC,  12  Bit,  Low  Drift  &9.W 

CY2735  DAC.  4  Digit  BCD,  Low  Cost  7B.QQ 

CY3035  ADC,  B  Bit,  Sect,  Counting, 

Low  Co*t  89.00 

CY3635  ADC.  3  Digit  BCD,  Sect.  Count. 

Low  Co*t  119,00 


LOW  POWER 
TTL 

74L00N  .34  74 

74L02N  .34  74 

74L03N  .39  74 

74L04N  .39  74 

74L10N  ,34  74 

74L20N  .39  74 

74L42N  1,52  74 

74L51N  ,34  74 

74L73N  .74  74 

74L74N  .89  74 

74L90N  1.62  74 

74L93N  1.74  74 

74L95N  1,02  74 

93L00  1.50  74 

93L01  1,60  74 

93L0S  3.20 

93L09  1.80 

93L10  2. BO 

93L11  4.20 

93L12  1.80 

93L14  1.70 

93L16  3.20 

93L10  3.50 

93L21  1.50 

93L22  1.80 

93L24  2.80 

93L2B  3.70 

93L34  4.00 

93L3B  4.20 

93L40  6.50 

93L41  6.50 

93L60  3.00 

93L66  2.70 


COMPUTER 

INTERFACE 

DM8820N  2.40 

DM88  2  0AN  6.90 
DM8B30N  2.40 
DM8B31N  5.20 
DM8B32N  6.00 
N8T25B  4.40 


HIGH  SPEED 
TTL 


74H00N 

.34 

74H53N 

.36 

74H01N 

.34 

74H54N 

.36 

74H04N 

.38 

74H55N 

.36 

74H05N 

.37 

74H60N 

.36 

74H08N 

.40 

74H61N 

.36 

74H10N 

.36 

74H62N 

.36 

74H11N 

.36 

74H71N 

.80 

74H20N 

,36 

74H72N 

.74 

74H21N 

.36 

74H73N 

.90 

74H22N 

.36 

74H74N 

.87 

74H30N 

.36 

74H76N 

.90 

74H40N 

.36 

74H101N 

.80 

74H50N 

.36 

74H102N 

.80 

74H51  N 

.36 

74H103N  1.10 

74H52N 

.36 

74H106N 

.95 

AUDIO  AMPS 


LM354A  6-27  2,80  8  2.50 

TAA611B12  6-15  1.15  B  1.60 
TAA621A12  6-27  1.40  8  2.00 

TBA641B11  6-18  2.20  4  3.00 

TBA800  5-30  4.70  8  2.20 

TBAB10AS  4-20  2.50  4  3.00 

TBA820  3-16  0.75  4  1.70 

TCA830  5-20  2.00  4  2.20 

TCA940  6-24  6.50  B  4.40 


1C  SOCKETS 


LINEAR  ICs 


H=T05  N“DIP  M=MINI-DIP  D=CER-DIP  K=TQ3 


SOLDER  -  TIN 

8  pin  Dl  L  .22  _____ 

14  pin  OIL  .26  75107 

16  pin  Dl  L  .29  75107BN  2.60 

24  pm  Dl  L  .75  751D8BN  2.30 

2B  pin  Dl L  1.10  7  5109  N  2.20 

36  pin  Dl  L  1.70  75110N  2.20 

40  pin  Dl  L  1.90  751  15N  2  25 

WIRE  WRAP-GOLD  7,|!^  2  26 

14  pin  Dl  L  .40  751  SON 

1  5  pin  D!  L  .45  75154N 

SOLDER -GOLD  752OSN 


2524V 

Recirculating  512  Bit 
Dynamic  Shift  Register 

1-24:  $3.90  25  up:  $3.80 


BIPOLAR 

MEMORY 

C3101  6.50 

P3101  4.90 

C3101A  7.30 

P3101A  5.80 

IM5501CDE  7.30 
IM5501CPE  5.80 
MM5560D  7.30 

MM5560N  5.00 

DMB599N  5.80 
93403PC  5.80 

TWO-PHASE 
MOS  CLOCK 
DRIVER 


14  pin  Dl  L  .35 

15  pin  OIL  .40 
TEFLON 

3  pin  TO-6  .55 

4  pin  TO-5  .65 
6  pin  TQ-5  .90 
8  pin  TO-5  1.10 

10  pin  TO-6  1.40 

FM  STEREO 


75154N  4.10 

7520SN  2.70 

75234N  2.50 

75450N  1.25 

75451 N  1,00 
75452N  1.00 

76453N  1.00 

7520  SERIES 
SENSE  AMPS 

7520N  4.00 


LM114H 
_  LM300H 

f  LM300N 

2  60  LM301AH 
2  30  LM  301  AM 
2.20  LM301AN 
2.20  LM301M 
2  25  LM301  H 

2  95  LM302D 

3  10  LM302N 

4  10  LM302H 
2  70  LM304H 
2  50  LM305H 
l‘25  LM305AH 
l’00  LM305N 

1  00  LM3Q6H 


MOS 

-LSI 

l/tmULFULAK 

XR  1310  $3.20 

P1 1 01 A 

6.90 

C2 102-2 

8.00 

P1101A1 

B.50 

P2102-2 

6.00 

1402 AN 

5.40 

2505K 

3.30 

MM 

1403AH 

8.00 

2512K 

5.50 

1403AN 

5.40 

2521V 

4.00 

MM404H  12.00 

1404AH 

8.00 

2524V 

3.90 

MM405H  23.00 

1 404AN 

5.40 

2525V 

5.30 

MM406H 

6.50 

1405  A 

4.10 

2533V 

8.50 

MM407H 

6.50 

1506 

4.00 

3341  PC 

B.20 

MM461H  1 1.40 

1507 

4.00 

MM5025N 

20.00 

MM464F 

IB.  00 

1602 

33.00 

MM5026N 

20.00 

MM500H 

2.00 

1702 

33.00 

MM5027N 

20.00 

MM506H 

3,20 

C2102 

8.00 

MM5055N 

5.50 

MM507H 

3.20 

P2102 

6.00 

MM5056N 

5.50 

MM550H 

5.90 

C2 1  02-1 

8.00 

MM5057N 

5,50 

MM561H 

6.60 

P2102-1 

6.00 

MM5058N 

5.50 

MM555H 

5.60 

INTERSIL  8038 


XR  215  PHASE 
LOCKED  LOOP 


1.30  A  PORTABLE 

4'A  DIGIT 

2  30  MULTIMETER 

2  40  FOR  $2"- 

5.00  A  10  MHZ 

3.50  COUNTER  OPTION 


PRECISION  WAVEFORM  For  FM  or  FS  K  demodulation, 

rpypn  A  TOD  JL  l/ro  freq.  *vnthe*is  and  tracking  f  II- 
VJCnCRMI  vn  Ot  tar  applications.  5  to  26V  from 

For  elmultaneou*  sine,  uuare  0. 5Hz  to  35MHz.  Accepts  ana- 
and  triangular  waveform* <!.001  log  signal*  300m  V  to  3V.  In- 
Hz  to  1MHz.  terfaces  with  DTL.  TTL  &  ECL 

Part  No.  1-9  10  up  1-24  25  up 

B038CCPD  $4.50  $3.70  515.00  512.50 


1  nn  LM307H 
....  LM  307  M 
KIES  LM  307  N 
ynr  LM308H 
LM308AH 
4.00  LM30SD 
2.00  LM30BM 
4.25  LM309H 
1.75  LM309K 
2.00  LM310H 
4.50  LM310M. 


HYBRID 

power  ^ 

AMPLIFIERS  COM2601  '-SSSff"-!  ■«*“ 

SI-1 01 0G  10W  $6.90  IICDT  *S lL-J  -'W  . 

SI-1020G  20W  9.90  U>Kl  ' 

l\:]°olo%  sSw 2 5 go  UNIVERSAL  SYNCHRONOUS 
POWER  RECEIVER/TRANSMITTER 

TRANSISTOR?  from  Standard  Microsystems 

IKAfOlllUK)  STR,  BSC,  bl-ivnc  and  interleaved  bi-sync  mode* 

BU204  3A  1300V  $4.14  Qf  operation  •  fully  programmable  •  full  or  hatf 
BU205  3A  1500V  4.95  duplex  operation  •  fully  double  buffered  •  directly 

BU206  3A  1700V  5,94  TTL  compatible  •  high  speed  operation  •  low  power 

9U207  6A  1300V  5.05  PRICE:  1-9  10  up 

BU208  6A  1500V  6.93  $30.00  $24.00 

8U209  6A  1700V  B.54 


LM311H  1.70  LM711CN 
LM311D  1.90  LM715CH 
LM311M  1.75  LM715CD 
LM311N  2.00  LM723CH 
LM312H  2.70  LM723CN 
LM318H  2.60  LM725CH 
LM324N  1.90  LM725CD 
LM331N  2.20  LM733CH 
LM339N  3.20  LM733CD 
LM320-5K  2.90  LM733CN 

LM320-5T  2.50  LM741CH 

LM320-1 2 K  2.90  LM741CD 
LM320-12T  2.50  LM741  CM 

LM340-05K  2.60  LM741 CN 

LM340-06K  2.60  LM747CH 
LM340-08  K  2.60  LM747CN 
LM340-12K  2.50  LM747CD 
LM340-1BK  2.50  LM748CM 
LM340-18K  2,60  LM748CN 
LM340-24K  2.60  LM777CH 
LM555CM  .90  LM777CM 
LM556CN  1.30  LM3046Cf 
LM709CH  .45  LM3054C1' 


LM556CN 

LM709CH 

LM709CN 

LM710CH 

LM710CN 

LM711CH 


60  LM777CH  2.15 
*90  LM777CM  2.10 
*30  LM3046CN  .95 
*46  LM3054CN  1.50 
'45  SG4501T  2,20 

90  SG4301N  2.20 


1C  POWER  REGULATORS 

LM335K:  5V,  500mA  2.40 

LM336K:  12V,  500mA  2.90 
LM337K:  15V,  450mA  2.90 


962irc; 

^§&l 


N  PULSE  l 

£  I  GENERATOR  \ 

IntfrdbFin  1101:  0.1  HZ 
QS-V  QuLpuL,  vV.  >vidrh  I  If#  -nr 
■  r..r,p.-.j-:i-iri.  $159-00 


MINIMUM  ORDER:  $10.00 
Add  $1.00  to  cover  postage  and  handling 
SEND  CHECK  OR  MONEY  ORDER  (NO  C.O.D.)  TO: 

California  residents  add  6%  sale*  tax. 

ANCRONACORR 

P.O.  BOX  2208P,  Culver  City,  CA  90230 


COM2502 

tTmTuTfiTf  ffrVT  UART 

UNIVERSAL  ASYNCHRONOUS 
RECEIVER/TRANSMITTER 
from  Standard  Microsystems 

Direct  TTL  compartiblffty  #  full  or  half  duplex  op¬ 
eration  •  fully  double  buffered  •  fully  program¬ 
mable  9  high  speed  operation  •  tri-state  outputs 
PRICE;  1-9  10  up 

$13.20  $10.60 
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—ABOUT  YOUR= 
SUBSCRIPTION 

Your  subscription  to  Popular 
Electronics  is  maintained  on  one  of 
the  world’s  most  modern,  efficient 
computer  systems,  and  if  you're  like 
99%  of  our  subscribers,  you’fl  never 
have  any  reason  to  complain  about 
your  subscription  service. 

We  have  found  that  when  com¬ 
plaints  do  arise,  tbe  majority  of  them 
occur  because  people  have  written 
their  names  or  addresses  differently 
at  different  times.  For  example,  if 
your  subscription  were  listed  under 
‘•William  Jones,  Cedar  Lane,  Mid¬ 
dletown,  Arizona,’"  and  you  were  to 
renew  it  as  ‘"Bill  Jones,  Cedar  Lane, 
Middletown,  Arizona,’"  our  computer 
would  think  that  two  separate  sub¬ 
scriptions  were  involved,  and  it 
would  start  sending  you  two  copies 
of  Popular  Electronics  each  month. 
Other  examples  of  combinations  of 
names  that  would  confuse  the  com¬ 
puter  would  include:  John  Henry 
Smith  and  Henry  Smith;  and  Mrs. 
Joseph  Jones  and  Mary  Jones.  Minor 
differences  in  addresses  can  also 
lead  to  difficulties.  For  example,  to 
the  computer,  100  Second  St.  is  not 
the  same  as  100  2nd  St. 

So,  please,  when  you  write  us 
about  your  subscription,  be  sure  to 
enclose  the  mailing  label  from  the 
cover  of  the  magazine— or  else  copy 
your  name  and  address  exactly  as 
they  appear  on  the  mailing  label. 
This  will  greatly  reduce  any  chance 
of  error,  and  we  will  be  able  to  ser¬ 
vice  your  request  much  more 
quickly. 


ALTAIR  8800— Assembled,  guaranteed— $521 .  160  Painter 
Road,  Media,  PA  19063. 

ELECTRONIC  COMPONENTS:  Premium  grade  at  minimum 
cost.  Wide  selection  purchased  from  liquidating 
companies,  Send  25  cents  to  Closeout  Bulletin,  340  Vivian 
5t„  Longmont,  CO  8Q501. _ 


PLANS  AND  KITS 


ATTENTION  AUDIO  FREAKS  11  . . .  Audio  Processing  Cir¬ 
cuits  , . .  designs,  kits,  units.  Laboratory  tested  designs  for 
hobbyist  through  professional  use — limiters,  compressors, 
equalizers,  phasers,  mixers  and  more!  Send  now— $1.00 
(refundable)  for  complete  catalog — CIRCUIT  RESEARCH 

LABS,  3920  E.  Indian  School,  Phoenix,  AZ  8501 B. _ 

AMAZING  ELECTRONIC  PRODUCTS— Pocket  Laser,  See- 
In-The-Dark,  Scramblers,  Penlight  Strobe,  Energy  Devices, 
TV  Disrupter,  Many  More,  AH  New,  Catalog  $1.00, 
INFORMATION  UNLTD.,  West  St.,  Milford,  N,H,  03055. 
FREQUENCY  counter,  Digital  Clock,  Logic  Probe  and 
more  to  come.  Complete  kits  or  PC  Boards,  reasonable 
priced  full  details  $3.00.  Refundable.  East  Coast  Elec- 
tronics,  50  Scott,  Hamburg,  New  York  14075, 

CYCLOPS  TV  CAMERA  KIT,  featured  on  cover  of  February 
PE,  available  from  CROMEMCO,  26655  Laurel,  Los  Altos, 
Cattfamia  94022. 


SAVE  ELECTRIC  POWER! 

Save  up  to  80%  electrical  power  with  this  unique, 
inexpensive,  portable,  permanent  and  legal  method 
applicable  for  shops,  homes,  factories,  businesses, 
fsrms,  sites.  100%  Refund  Guaranteed  if  not  scien¬ 
tifically  sound  or  if  it  employs  gimmicks. 

Information  $1.00 

CONSUMERTRONICS  CO. 

P.0.  Box  1399  Alamogordo,  N.M.  88310 


NEW  FROM  El  CO — Listen  to  official  FCC-Licensed  back¬ 
ground  music  (SCA)  on  your  FM  radio  without  com¬ 
mercials.  EC5000  Kit,  $12.95  Postpaid.  M&K  Electronic 
Corp.,  135-33  Northern  Blvd.,  Flushing,  N.  Y,  11354. 
LEARN  digital  circuitry.  Electronic  game  kits.  Information 
10  cents.  NBL-E,  Box  1115,  Richardson,  Texas  75080. 

DIGITAL  PLANS:  Digital  Thermometer,  Digital  Photo¬ 
graphic  Timer,  Digital  Combination  Lock  and  more.  Also 
P.C.  Boards.  Com-Tronics,  144  Cloverside  Court,  Buffalo, 
N.Y.  14224. 
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TESLA  COIL — 40"  SPARKS!  Plans  $7.50.  Information  75 
cents.  Huntington  Electronics,  Box  2009-P,  Huntington, 

Conn,  06484. _ 

TOUCH  SWITCH.  Very  reliable  and  versatile.  Plans- 
appfioations.  $3.00.  The  Mali  Shop,  Box  120.3,  Spflwater, 

Okie,  T4Q74. _ _ 

ALTAIR  8800  Kits.  Your  assembled  plug-in  boards  tested 
free.  Midwest  Electronics,  Box  344,  Henning.  Minn.  56551. 

CONSTRUCTION  PLANS,  Telephone,  others.  Catalog, 
Free  Circuit.  Alley  Service,  233  Laurelton,  Rochester,  N.Y, 
14609. _ _ 


BURGLAR  ALARMS 


BURGLAR-FIRE  alarm  supplies  and  information.  Free 
catalog.  Protecto  Alarm  Sales,  Box  357-G,  Birch  Run, 

Michigan  4B415. _ 

BURGLAR  ALARM  dialing  unit  automatically  oalls  police. 
$29.95.  Free  literature.  S&S  Supply,  Box  12375C,  North 

Kansas  City,  MO  64116. _ 

GUARD  Master  Professional  Wholesale  Alarm  Catalogue 
$2,  Mepco,  Dept.  A6,  Box  28007,  St.  Louis,  MO  63119, 
BURGLAR-FIRE  ALARM  components,  hardware.  Free 
catalog.  Information.  Silmar,  133  S.W.  57  Ave.,  Miami, 
Florida  33144,  _ _ 


HIGH  FIDELITY 


DIAMOND  NEEDLES  and  Stereo  Cartridges  at  Discount 
prices  for  Shure,  Pickering,  Stanton,  Empire,  Grado  and 
ADC.  Send  for  free  catalog.  LYLE  CARTRIDGES,  Dept.  P, 
Box  69,  Kensington  Station,  Brooklyn,  New  York  1121B. 


LISTEN  TO  SPECTACULAR  4-CHANNEL  SOUND! 


Expand  your  stereo  to  quadraphonic  Hi-Fi. 

Build  tha  VISTA  Full  Lo(ic  "SQ"  Decoder. 

Latest  CBS  licensed  circuitry  using  3  IC’s  to  provide  Full  Logic  and  Wava 
Matching. 

Exclusively  ours.  Kit  SQ-1  $40.00.  Shipped  prepaid  in  USA  &  CANADA. 
_ Send  for  information.  _ 


PHOTOLUME  CORPORATION 

118  East  28th  Street,  New  York,  N.Y.  10016 


WANTED 


QUICKSILVER,  Platinum,  Silver,  Gold,  Ores  Analyzed. 
Free  Circular.  Mercury  Terminal,  Norwood,  Mass,  02062. 

TUBES 


RADIO  &  T.V.  Tubes— 36  cents  each.  Send  for  free 
Catalog.  Cornell,  4213  University,  San  Diego,  Calif.  92105. 
RECEIVING  &  INDUSTRIAL  TUBES,  TRANSISTORS.  All 
Brands—  Biggest  Discounts.  Technicians.  Hobbyists. 
Experimenters  —  Request  FREE  Giant  Catalog  and  SAVE! 
ZALYTRON,  469  Jericho  Turnpike  ,  Mineola,  N.Y.  11501. 
TUBES  receiving,  factory  boxed,  low  priceB,  free  price  list. 
Transleteronic,  Inc.,  1306  40th  Street,  Brooklyn,  N.Y. 

11216A,  Telephone:  212-633-2S00. _ 

TUBES  “Oldies1’,  latest,  Lists  free.  Steinmetz,  7519 

Maplewood,  Hammond,  Indiana  46324. _ 

CASH  PAID  FOR  OLD  TUBES  RCA45,  RCA50,  WE205B, 
WE252A,  WE300B,  WE350B,  WE274A,  and  sound  Hi-Fi 
equipment  of  Western  Electric,  Macintosh,  Marantz,  Leak, 
Quad,  old  and  new  types,  Contact:  M.  Takabe,  Room  1B16, 
303  Fifth  Ave.,  NYC  10016, 


ELECTRICAL  SUPPLIES  &  EQUIPMENT 


PLATING  Equipment,  Portable  Platers,  Supplies  and 
“Know-How.1*  Build  your  own  tanks  for  nickel,  chrome, 
etc.  Easy-to-install  PVC  liners.  Rectifier  components— all 
sizes.  Schematics,  parts  lists,  formulas,  operating 
instructions  for  ail  plating.  Guaranteed  to  save  you  25%- 
75%.  Some  good  units  for  sale.  Write  for  details.  Platers 
Service  Company,  1511-PE  Esperanza,  Los  Angeles,  Calif. 
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TAPE  AND  RECORDERS 


RENT  4-Track  open  reel  tapes— all  major  labels — 3.000 
different  —  free  brochure,  Stereo-Parti,  55  St.  James  Drive, 

Santa  Rosa,  Ca.  95401. _ 

1930-1962  Radio  Programs,  Reels,  $1.00  Hour!  Cassettes, 
$2,00  Hourf. .  .Mammoth  Catalog,  $1.25.  AM  Treasures, 

Box  192F,  Babylon,  N.Y.  11702. _ _ 

OLD  RADIO  SHOWS  ON  CASSETTES.  $1.50  per  show. 
Catalog  25  cents.  Radio  Classics,  Box  B04A,  Mattituck, 
N.Y.  11952. 


MOVIE  FILMS 


BMM-SUPER  B-16MM  MOVIES!  Biggest  Selectionl  Lowest 
Prices!  Free  Catalog!  Cinema  Eight,  Box  PE,  Chester, 
Connactiom  06412. _ 


GOVERNMENT  SURPLUS 


GOVERNMENT  Surplus.  How  and  Where  to  Buy  in  Your 
Area.  Send  $2.00.  Surplus  30177-PE  Headquarters  BMg., 

Washington,  P.C.  20014. _ 

MANUALS  for  Govt  Surplus  radios,  test  seta,  scopes.  List 
50  cents  (coin).  Books,  7218  Roanne  Drive,  Washington, 

P.O,  20021. _ 


PERSONALS 


MAKE  FRIENDS  WORLDWIDE  through  international 
correspondence,  Illustrated  brochure  free.  Hermes,  Berlin 

11,  Box  11 0660 /ZD,  Germany. _ 

INSTANT  MEMORY.  NEW  WAY  to  remember.  No  memor¬ 
ization.  Release  “Photographic”  memory.  Forget  nothing. 
Liberates  extraordinary  knowledge,  talents.  Immediate  re¬ 
sults!  Free  information.  Institute  of  Advanced  Thinking, 
Box  606-Dept.  PE,  Pacific  Palisades,  CA  90272. 


INSTRUCTION 


LEARN  ELECTRONIC  ORGAN  SERVICING  at  home  all 
makes  including  transistor.  Experimental  kit— trouble¬ 
shooting.  Accredited  NHSC,  Free  Booklet.  NILES  BRYANT 
SCHOOL,  3631  Stockton,  Dept.  A,  Sacramento,  Calif. 

95820. _ 

LEARN  WHILE  ASLEEP,  Hypnotize!  Strange  catalog  free. 
Auto-suggestion,  Box  24-ZD,  Olympia,  Washington  96501. 
DEGREE  IN  ELECTRONICS  through  correspondence.  Free 
catalog.  Grantham,  2000  Stoner  Avenue,  Los  Angeles, 

Gaflfofnie  90Q25, _ __ 

INTENSIVE  5  week  course  for  Broadcast  Engineers.  F.C.C. 
First  Class  license.  Radio  Engineering  Incorporated,  61  N. 
Pineapple  Ave.,  Sarasota,  Florida  33577  and  2402  Tide- 
water  Trail,  Fredericksburg,  VA  22401. _ 


F.C.C. 


EXAM  i 
MANUAL i 


PASS  FCC  EXAMSI  rtuefy -"Twl- 

Aiwwart**  for  FCC  lit  wid  2nd  clw  R*No- 

Tdaphon*  I  leant  Nawrty  ravtaod  moJUpia- 

ctiotoa  questions  and  dlayania  eovar  ail  tnm 

taatad  In  FCC  axama  plu«  "Sdf-Study  Ability 

Tort."  SO. 96  poatpaid.  Money  back  Cuvmm.  i 


l  OWMAND  PftOOuC  IjONS  8.0.  BOX  26348-0 

RiDiO  [NCtNURiat  omsm*  SAN  fRANCISCO,  C ALIf.  94126 


SCORE  high  on  F.C.C.  Exams. .  .Over  300  questions  and 
answers.  Covers  3rd,  2nd,  1st  and  even  Radar.  Third  and 
Second  Teat,  $14.50;  First  Class  Test,  $15.00.  All  tests, 
$26.50.  R.E.I.,  Inc.,  Box  806,  Sarasota,  Fla.  33577. 

FCC  License,  electronics  design,  satellite  communica¬ 
tions,  through  correspondence.  Free  catalog.  Genn  Tech, 

5540  Hollywood  Blvd,,  Los  Angeles,  CA  90028. _ 

UNIVERSITY  DEGREES  BY  MAIL!  Bachelors,  Masters, 
Ph.D’s,  Free  revealing  details.  Counseling,  Box  1162-PE7, 

Tustin,  California  92680. _ 

SELF-STUDY  CB  RADIO  REPAIR  COURSE.  THERE’S 
MONEY  TO  BE  MADE  REPAIRING  CB  RADIOS.  This  easy- 
to-iearn  course  can  prepare  you  for  a  career  in  electronics 
enabling  you  to  earn  as  much  as  $16.00  an  hour  in  your 
spare  time.  For  more  information  write:  CB  RADIO  REPAIR 
COURSE,  Dept.  PE075,  531  N.  Ann  Arbor,  Oklahoma  City, 

Ok  la.  73127. _ 

UNDERSTAND  DIGITAL  ELECTRONICS— Calculators, 
Microprocessors,  Clocks.  New  programmed  learning 
courses.  Design  of  Digital  Systems,  6  volumes,  only  $14.95. 
Digital  Computer  Logic,  $9.95.  Both  $19.95.  Unconditional 
refund  if  dissatisfied.  Cambridge  Learning,  Box  428,  FDR 

Station,  New  York,  N.Y.  10022. _ 

F.C.C.  FIRSTPHONE — 4  Tests, formulas,  aids.  Guaranteed! 
$10.  Engineer,  DWR  570,  Mars,  PA  16046. _ 


REAL  ESTATE 


BIG. .  .FREE. .  .CATALOG I  256  pages!  Over  2,600  top  val¬ 
ues  in  40  states  coast  to  coast!  UNITED  FARM  AGENCY, 
612-EP,  West  47th  St,  Kansas  City,  Mo.  64112. 


RUBBER  STAMPS 


RUBBER  address  stamps.  Free  catalog.  45  type  styles. 
Jackson’s,  Box  443G,  Franklin  Park,  III.  60131. 

POPULAR  ELECTRONICS 


JAMES  Summer  Specials4 


TTL  irs 

QtUd.  Kind  Gale 
6CD  -  Seven  Seq.  Dec. 
Decade  Counter 
4  8it  Bistable  Lath 
16  Line  I  Hull. 

4-16  Line  Decoder 


OP  AMP 
Super  Dp  Amp 
Hi  perl.  V  comp. 
Htpetf  V  comp 
Timer 

Phan  lock  loop 
Tone  Decoder 
Tone  Decoder 
Volt.  Reg. 

Volt.  Reg. 

Font  ion  Generator 


OIODES- TRANSISTORS 
IN751A  5.1  40OM  7/S1.00 

IN965B  15  400M  B/S1.Q0 

IN  40712  IQOPiv  1  AMP  15/S  1.00 

IN4Q03  200Piv  1  AMP  15/SI. 00 

IH40O4  400Piv  1  AMP  15/Si. 00 

IN4148  (IN  9 141  20/SI. 00 

IN4735A  6J  t  W  5/S1.00 

2N3055  NPN  .79 

NEW  KITS 

TTL  Logic  Probe  Kit  S9J6  per  kit 

Detects  TTL  levels,  pulnt.  with  min  3  readout 


DIGITAL  VOLTMETER  KIT 
0-10  Volt.  3*  difl,t»  (Man  71  DVM 
MOS  -  LSI  Design 

Sji:  3“ x 3”  a  Hi"  003.33 


4'  POWER  SUPPLY  CORDS  . .  . 
Black  „ 


8'  POWER  SUPPLY  CORDS 
Black  or  Gray  $1.45  < 


HIGH  SPEE0 

LOW  POWER 

SCHOTTKY 

SN74H0QN 

.33 

SN 74  LOON 

.33 

SN74S00N 

.60 

SN74H01N 

.33 

SN74L02N 

.33 

SN74SQ3N 

.60 

SN74H04N 

.33 

SN74103N 

.33 

SN74SQ4N 

.65 

SN74H05N 

.35 

SN74L04N 

.33 

SN74SQ5N 

.65 

S  N  7  4  HOB  N 

33 

SN74L10N 

.33 

SN74S10N 

.60 

SN74H ION 

.33 

SN74L20N 

.33 

SN74S11N 

.65 

SN74H1  IN 

.33 

SN74L30N 

.33 

SN74S15N 

.60 

SN74H20N 

.33 

5N74L42N 

1.50 

5N74S70N 

.60 

SN74H21N 

.33 

SN74L73N 

.69 

SN74S22N 

.60 

SN74H22N 

.33 

SN74L74N 

.69 

SN74$4QN 

.60 

SN74H30N 

.33 

SN74L75N 

.79 

SN74S64N 

.60 

SN74H40N 

.33 

SN74LB5N 

1.15 

5N74S65N 

.60 

SN74H50N 

.33 

SN74L86N 

.69 

SN74S112N 

1.25 

SN74H51N 

45 

SN74L90N 

1.60 

5N74S153N  2.50 

CD4000 

C  04001 

49 

4S 

CMOS 

74C10N 

74C20N 

.65 

.65 

CD4002 

49 

C04030 

1.00 

74C30N 

.65 

C04006 

3.75 

C04035 

2.65 

74C42N 

2.15 

CD4007 

■S5 

CD404O 

3.95 

74C73N 

t.so 

C04009 

.69 

C04042 

2.75 

74C74 

1.(5 

CD401O 

.69 

CO4044 

2.75 

74C90N 

3  00 

C04QI1 

49 

CO4046 

2.75 

74C95N 

2.00 

C04012 

.39 

C04047 

2.75 

74C107N 

1.25 

C  04  01 3 

1.00 

CD4049 

1.00 

74C151 

2.90 

C04016 

1.00 

CD4050 

1.00 

74C154 

IW 

C040I7 

2.65 

CD40S1 

3.95 

74C157 

2.15 

C04019 

US 

C04053 

3.45 

74C160 

3.25 

C04020 

1.50 

CO40S0 

4.95 

74C161 

3.25 

CO4022 

1.50 

CO4066 

2.25 

74C163 

3.00 

C 04 02 3 

.39 

CD4069 

.75 

74C164 

3.25 

CD4024 

1.95 

C 04 071 

.41 

74CI73 

2.60 

C04075 

39 

CD4O01 

.41 

74CI93 

2.75 

CD4027 

Ufi 

74C00N 

.39 

74C195 

2.75 

C04028 

2.65 

74C02N 

.55 

80097 

1.50 

C  04  029 

3.95 

74C04N 

.75 

LMIOOH 

LM106H 

15,00 

2.50 

LINEAR 

LM13I0N 

LM 1 35  IN 

2.95 

1.85 

LM171H 

3.75 

LM373N 

3.25 

LM14I4N 

1.75 

LM212H 

7.00 

LM377N 

4.00 

LM1458C 

.85 

LM300H 

.80 

LM380N 

149 

LM1496N 

.95 

1  LM301H  3/1.00 

LM380CN 

1.05 

LM 1556V 

1.85 

1  LM301DN  3/1.00 

LM381N 

1.79 

LM2111N 

1.95 

LM302H 

.75 

LM332N 

1.79 

LM2901N 

2.95 

LM304H 

1.00 

NES01K 

8.00 

LM3065N 

.69 

LM305H 

.95 

NE510A 

6.00 

LM3900N 

.55 

LM307CN 

.35 

NE531H 

3.00 

LM3905N 

.60 

LM308H 

1.00 

NE536T 

6.00 

LM5556N 

1.65 

LM308CN 

1.00 

NE540L 

6.00 

MC5S58V 

1.00 

LM309H 

uo 

NE550N 

.79 

LM7525N 

.90 

LM309K 

1.25 

NE553 

2.50 

LM7528N 

2.20 

LM310CN 

1.15 

NE555V 

.75 

LM7534N 

2.20 

LM31IH 

.90 

NE56SH 

1.25 

LM7535N 

1.25 

LM311N 

.90 

NE565N 

1.95 

80388 

4.95 

LM318CN 

1.50 

NE568CN 

1.95 

LM  75450 

.49 

LM319N 

1.30 

NE567K 

1.25 

7545 1CN 

.39 

LM3I9D 

9.00 

NE567V 

1.95 

75452CN 

.39 

LM320K-5 

1.35 

LM703CN 

.45 

75453CN 

.39 

1  LM320K  5.2  1.35 

LM709H 

.29 

75454CN 

.39 

LM320K-12 

1.35 

LM7D9N 

.29 

75491CN 

.79 

LM320K-15 

1.35 

LM710N 

.79 

75492CN 

.89 

LM323K-5 

14.00 

LM711N 

.39 

75494CN 

.89 

LM324N 

1.80 

LM723N 

.55 

RCA  LINEAR 

LM339N 

1.70 

LM723H 

.55 

CA3013 

1.70 

LM340K-5 

1.95 

LM733N 

1.00 

CA3023 

MS 

LM340K-12 

1.95 

LM739N 

1.79 

C  A3 035 

2.25 

LM340K-15 

1.95 

LM74ICK  3/1.00 

CA3039 

1.35 

LM340K-24 

1.9S 

LM741CN  3/1.00 

C  A3 046 

1.15 

LM340To-5 

1,75 

LM74M4N 

.39 

CA3059 

2.46 

LM340TO-6 

1.75 

LM747H 

.79 

CA3060 

2.80 

LM340To-12 1.75 

LM747N 

.79 

C  A3 080 

.85 

LM340To-15  1.75 

LM748H 

49 

CA30B3 

1.60 

LM340To-24  1.75 

LM748N 

49 

C  A3 086 

.59 

LM350N 

1.00 

LM1303N 

.90 

C  A3 089 

3.25 

LM351CN 

.65 

LM1304N 

1.19 

CA3091 

8.25 

LM370N 

1.15 

LM13G5N 

1.40 

CA3I23 

1.85 

LM370H 

1.15 

LM1307N 

.85 

CA3600 

1.75 

B09 1 

.59 

8000  SERIES  sss2 

2.49 

8092 

.59 

8223 

*3.00 

8554 

2.49 

8095 

1.39 

8230 

2.59 

8810 

.79 

8121 

.89 

8263 

7.00 

8820 

2.00 

8123 

1.59 

8267 

4.00 

8826 

3.00 

3130 

2.19 

8280 

.75 

8830 

2.59 

6200 

2.59 

8281 

.85 

8831 

2.59 

8210 

3.49 

B28B 

1.15 

8836 

.49 

8214 

1.69 

8520 

1.29 

8864 

2.00 

V  8220 

1.69 

8551 

165 

8BB0 

1.35 

For  the  economy-minded  student  or  experimenter  . 


Here's  a  low  cost,  big  10  1C  capacity 
breadboard  hit  with  all  the  quality  ol 
QT  Sockets  and  the  best  of  the  Proto- 
Board  serial . . .  complate  down  to  tha 
Ian  nut.  boll  and  screw.  Includes 
2  QT-35S  Sockets:  1  OT  358  Bui  Stnp:  * 
2  5  wey  binding  posts:  4  rubbes  leet: 
screws,  nuts,  bolts;  and  easy  assembly 


DISPLAY  LEDS 

CA  Common  Anode  CC  Comm 

MAN  1  Com.  Ano.  .270 

MAN  3  Com  Cath.  125 

MAN  4  Com.  Cath.  .117 

MAN  7  Com.  Ana.  .30 

DL  33  Com.  Cath.  .125 


DISCRETE  LEDS  M 

MV  10 

Red 

5751.00  1 

MV  50 

Red 

6/51.00  n 

MV  5024 

Red 

5/51.00  \ 

MV  5024 

Green 

4/S1.00 

MV  5024 

Yettow 

4751.00 

MV  5024 

Orange 

4/SI.OO 

1C  SOLOERTA1L  -  LOW  PROFILE  (TIN)  SOCKETS 
25-49  50  100  1-24 


24  pm 

1-34 

S  6B 

25-49 

.62 

50-100 

.56 

28  pin 

.89 

.81 

.73 

36  pin 

UO 

.99 

.90 

40  pm 

125 

M3 

.93 

iNDARO  (TIN) 

28  pm 

S  .99 

.90 

.81 

38  pin 

1.39 

1.26 

M5 

40  pin 

1.59 

1.45 

1.30 

SOLOERTA1L  STANDARD  (GOLD) 

.27  .24  24  pm  S  .70 

.32  .29  28  pm  1.10 

.35  .32  38  pm  1.55 

.47  .43  40  Pin  1.75 

WIRE  WRAP  SOCKETS  (GOLD)  LEVEL  «3 


Satisfaction  Guaranteed.  $5.00  Min.  Order.  U.S.  Funds. 

California  Residents —  Add  6%  Sales  Tax 

Write  for  FREE  1975  Catalog  —  Data  Sheets  .25*  each 

c/imss 

P.O.  BOX  822,  BELMONT,  CA.  94002 

PHONE  ORDERS  -  (415)  592-8097 


KITS 


FUNCTION  GENERATOR  KIT 


XR-220SK 

I  GEMSUTtm  xn 

ze 


lea  lures  sine, 

I  triangle  and 
square  wive; 
'tHD  0.5%  typ.: 
AM/FM  capability 


WALL  or  T.V.  DIGITAL  CLOCK 

25' VIEWING  DISTANCE 

Walnut  Case-6"  a  3“  i  V 

Hr.  &  Min, -6"  High  Ml  W||fP 

Seconds-3”  High 

KIT  -All  Comp.  A  Caw  $39.95 

Wired  S  Assembled  >  IS  Vac  $44.95 


SLIDE  SWITCHES 

OP-DT  Locking  0.5A-OC 

PART  NO.  1-9  10-28  30  up 


PB  PUSH  BUTTON  SERIES  -  (SPOT) 

5  AMP  RATINGS  fc 

#  Momentary  Action  Switch  V, 

Normally  Open  or  Normally  —  ” 

Closed.  (For  N  C  circuit  u» 

_  _ _ terminals  2  &  I;  lor  N  0. 2 

$4}  ^^95  &  3:  lor  NC  and  NO.  1.7&3P8  126  S2.35  $1.95 


XR-220GKA  $19.95 

Includes  monolithic  function  generator  I C,  PC  hoard,  and  Membty 
instruction  manual. 

XR-2206KB  $29.95 

Same  as  XR-2206KA  above  and  includes  external  components 
for  PC  board. 

TIMERS 

XR-555CP  Monolithic  Timar  S  1.10 

XR-320P  Precision  Timer  1.55 

XR-S56CP  Dual-555  Timer  1.85 

XR-2556CP  Oual  Timing  Circuit  3.20 

XR-2240CP  Programmable  Counter/Timer  4.80 

PHASE  LOCKED  LOOPS 

XR-210  FSK  Oemodulator  5.20 

X R -2 1 5  High  Frequency  PLL  6. 60 

XR-567CP  Tone  Decoder  (mini  DIP)  1,95 

XR-5G7CT  Tone  Decoder  (T0-5)  1.70 

STEREO  0EC0DERS 

X R  131  OP  PLL  Stereo  Decoder  3.20 

XR-1310EP  PLL  Stereo  Decoder  3.20 

XR-1800P  PLL  Stereo  Decoder  3.20 

WAVEFORM  GENERATORS 

XR-205  Waveform  Generator  8.40 

XR-2206CP  Monolithic  Function  Generator  5.50 

XR-2207CP  Voltage-Controlled  Oscillator  3!85 

OTHER  EXAR  IC’S 

XR  1468CN  Dual  +  15V  Tracking  Regulator  3.85 

XR-1488N  Quad  Line  0 river  5.80 

XR-1489AN  Quad  Line  Receiver  4.80 

XR-2208CP  Operational  Multiplier  5.20 

XR-2211  CP  FSK  Demoduletor/Tone  Decoder  8,70 

XR-2261  Monolithic  Proportional  SBrvo  1C  Syitem 

w/4  ea.  Driver  Transistor  3.79 


i 


10  pin 

14  pin 

16  pin 

18  pm 

145 

.46 

55 

.75 

.41  .37 

.42  .38 

50  .45 

68  .62 

24  pin 

28  pm 

36  pm 

40  pin 

St.  05 
1.40 
1.59 
1.75 

95  .85 

1  25  UO 

1.45  1.30 

1.55  1.40 

50  PCS.  RESISTOR  ASSORTMENTS  $1.75  PER  ASST. 

10QHM-  12  OHM  15  OHM 

18  OHM- 

22  OHM 

ASST.1 

$  u: 

27  OHM  33  OHM  39  OHM  47  OHM 

56  OHM 

1/4  WATT  5%  «  50  PCI 

68  OHM  82  OHM-IOO  OHM-120  DHM-150  OHM 

ASST.  2 

See: 

180  OHM-220  OHM-270  QKM-330  OHM-380  OHM 

1/4  WATT  SS-  50  PCS. 

470  OHM-560  0HM-6B0  QHM-820  OHM- 

IK 

ASST. 3 

5  u: 

UK  1.5K  1.8K 

2.2K 

2.7K 

1/4  WATT  5%  -  50  PCS. 

3.3K  3.9K  4.7K 

5.6K 

6  BK 

ASST  .  4 

S  at: 

82K  I0K  12K 

15K 

18K 

1/4  WATT  5%  =50  PCS. 

22K  27K  33K 

39K 

47K 

ASST.  5 

5  as: 

S6K  68K  82K 

100K 

120K 

1/4  WATT  5%  =  50  PCS. 

1S0K  180K  220K 

270K 

330  K 

ASST.  6 

5  aa: 

190K  470K  560  K 

680K 

820K 

1/4  WATT  5%  =  50  PCS. 

1M  1.2M  1.5M 

1.8M 

2.2M 

ASST  .  7 

5  aa: 

2.7M  3.3M  3JM 

4.7M 

S.6M 

1/4  WATT  5%  »  50  PCS. 

^Special  Requested  Items* 

1  8008  Proctuor 

129.95 

8267 

S  4.00 

4024P* 

$2.25 

1  1101  256  »  1  RAM 

2.25 

2513* 

11.00 

N8T97 

3.00 

2102  1024  RAM 

5.59 

2516 

7.00 

MCI  741 

4.00 

AYS-1013  HART 

9.95 

2519 

4.00 

MC4044 

4.50 

RC4194TK 

5.95 

2524- 

3.50 

40409 

1.65 

8101 

16.00 

2525 

7.00 

40410 

1.75 

8263 

7,00 

2529* 

4.00 

40673 

1.75 

(Zener) 

DIODES 

(Ratified 

TYPE 

VOLTS 

w 

PRICE 

TYPE 

vein 

W 

PRICE 

IN  746 

3.3 

400m 

4/1.00 

IN4003 

200  PIV 

1  AMP 

.10 

IN751A 

5.1 

400m 

4/t.0O 

IN4004 

400  PIV 

1  AMP 

.10 

IN752 

5.6 

400m 

4/1.00 

IN3G00 

50 

200m 

6/1.00 

IN  753 

6J 

400m 

4/1.00 

IN4148 

75 

10m 

15/1.00 

1N754 

U 

400m 

4/1.00 

IN4154 

35 

10m 

12/1.00 

IN965B 

IS 

400m 

4/t.00 

IN4734 

5.6 

Tw 

.28 

IN5232 

5.6 

500m 

.28 

TN4735 

6.2 

Iw 

.28 

IN5234 

6J 

500m 

.28 

IN4736 

M 

1w 

.28 

IN5235 

6.8 

500m 

IB 

IN4738 

1.2 

Iw 

.28 

IN5236 

U 

500m 

.28 

IN  4  742 

12 

Iw 

.28 

IN456 

25 

40m 

6/t  jja 

IN4744 

15 

Iw 

.28 

IN458 

150 

7m 

C/14H3 

IN  1 1 83 

SO  PIV 

35  AMP 

1.60 

IN485A 

190 

10m 

5/1 ,0C 

1  IN  1164 

100  PIV 

35  AMP 

1.70 

IN4001 

50  PIV 

1  AMP 

.09 

IKI1B6 

200  PIV 

35  AMP 

1.80 

IN40D2 

100  PI  V 

1  AMP 

.10 

'  IN1 188 

400  PIV 

35  AMP 

3.00 

TRANSISTORS 

MPS  A05 

5/SI 

2N  3905  V 

4/SI 

2N9I8 

ICTl 

.25 

2N2906A 

r.  4/SI  2N3906  T\ 

4/SI 

2N2219A 

4,1 

3/11 

2N2907A 

T  5/SI  PN4249  \‘\ 

4/ST 

2N222I 

T 

4/SI 

2N3053 

/  2/SI  PN  4  250  H 

J  .95  2N4409  i 

fl  2/SI  2N5129  *li 

4/11 

2N2222A 

i 

S/SI 

2N3055 

5/SI 

2N2369 

5/Sl 

2N3725A 

.19 

2N2369A 

4/SI 

2N3903 

5 /Si  2N5139 

.19 

2N2484 

4/SI 

2N3904 

4/SI  C 10691 -5CR 

2/SI 

CAPACITOR  CORNER 

50  VOLT  CERAMIC  DISC  CAPACITORS 

1-9 

10-49 

50-100 

1-9 

10-49 

50-109 

10pf 

.05 

.04 

.03 

.001 

.05 

.04 

.035 

22  pf 

.05 

.04 

.03 

.0047 

D5 

.04 

.036 

47  pf 

05 

.0* 

.03 

.01 

.05 

.04 

.036 

100  pf 

,D5 

.04 

.03 

.022 

.06 

.05 

,04 

270  pf 

.05 

.04 

.03 

.047 

.06 

.05 

.04 

470  pi 

.05 

.04 

935 

.1 

.12 

.09 

.075 

100  VOLTMYIAR  FILM  CAPACITORS 

.DOlmf 

.12 

.10 

.07 

.0Z2mt 

.13 

.11 

.06 

.0022 

.12 

.10 

.07 

947mf 

.21 

.17 

.13 

,0047ml 

.12 

.to 

.07 

.Imf 

.27 

.23 

.17 

.Olmf 

.12 

.10 

.07 

,22mf 

.33 

.27 

.22 

♦ 

20%  DIPPED  TANTALUMS  (SOLID)  CAPACITORS 

.1  35V 

.28 

.23 

.17 

1.5  35V 

.30 

26 

.21 

.15  35V 

.28 

.73 

.17 

2.2  25V  .31 

.27 

.22  1 

.22  35V 

28 

.23 

.17 

3.3  25V  .31 

.27 

.22 

.33  35V 

78 

.23 

.17 

4.7  25V  .32 

.28 

.23 

.47  35V 

.28 

.23 

.17 

6.8  25V  .36 

J1 

.25 

M  35V 

.28 

.23 

.17 

10  25V 

40 

.35 

.29 

1.0  35V 

.28 

.23 

.17 

15  25 V  .63 

.50 

.40 

MINIATURE  ALUMINUM  ELECTROLYTIC  CAPACITORS 

Aiiil  Lt*d 

Rid  id  LmH 

.47 

50 

.15 

.13 

.10 

.47 

25 

.15 

.13  .10 

1 

50 

.16 

.14 

.11 

.47 

50 

.16 

.14  .11 

3.3 

50 

.15 

.13 

.to 

1  1 

16 

.15 

.13  .10 

4.7 

25 

.16 

.14 

.12 

1 

25 

.16 

.14  .11 

HI 

25 

.15 

.13 

.10 

1 

50 

.16 

.14  .11 

10 

50 

.16 

.14 

.12 

4.7 

16 

.15 

.13  .10 

22 

25 

.17 

.15 

.12 

4.7 

25 

.15 

.13  .10 

22 

50 

.24 

.20 

.18 

4-7 

50 

.16 

.14  .11 

47 

25 

.19 

.17 

.15 

« 

16 

.14 

.12  .09 

47 

50 

25 

.21 

.19 

to 

25 

.15 

.13  .10 

too 

25 

.24 

.20 

.18 

10 

so 

.16 

.14  .12 

100 

50 

.35 

.30 

.28 

47 

50 

.24 

.21  .19 

220 

25 

32 

.20 

.25 

too 

16 

.19 

.15  .14 

220 

50 

.45 

.41 

.38 

too 

25 

.24 

.20  18 

470 

25 

.33 

.29 

.27 

too 

50 

.35 

.30  .28 

1900 

16 

.55 

.50 

.45 

270 

16 

.23 

.17  .16 

2200 

16 

.70 

.62 

.55 

470 

25 

.31 

.28  IB 
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BUSINESS  OPPORTUNITIES 


I  MADE  $40,000.00  Year  by  Mailorder!  Helped  others  make 
money!  Free  Proof.  Torrey,  Box  318-NN,  Ypsilantl, 

Michigan  4B137, _ _ 

FREE  CATALOGS.  Repair  air  conditioning,  refrigeration. 
Toots,  supplies,  full  instructions.  Doolin,  2016  Canton, 
Dallas,  Texas  75201 

NEW— FIRST  OF  ITS  KIND  SERVICE  DEALERSHIP,  Tired 
of  punching  a  time  clock?  Sick  of  making  money  for  some¬ 
one  else?  Would  you  like  an  opportunity  to  work  for  your¬ 
self?  Do  you  have  a  basic  understanding  of  electricity  or 
electronics?  If  you  do,  we  will  train  you  to  repair  micro- 
wave  ovens.  We  specialize  in  the  service  and  repair  of 
micro-wave  ovens.  Thjs  is  our  only  business.  We  are  look¬ 
ing  for  people  who  want  to  invest  in  their  own  service  busi¬ 
ness  under  our  trade  name.  You  will  be  authorized  to  do 
warranty  work  and  service  all  brands.  We  furnish  accounts 
and  supply  all  parts.  Part  time  to  start.  Protected  Area. 
Investment  required.  Write;  Micro-Ovens,  lncM  3383  E. 

Layton  Avenue,  Cudahy,  Wl  53 110. _ 

FREE  BOOK  “2042  unique  proven  enterprises.1’  Wprk 
home!  Hayling-B,  Carlsbad,  CA  92008. 


P-2 

Citizens  Band 
DEALER-DISTRIBUTORS 

Send  this  ad  with  Letterhead  to: 

iPALl  ELECTRONICS  CO. 

2962  W.  WELDON  -  PHOENIX,  ARIZ.  85017 


MAILORDER  MILLIONAIRE  helps  beginners  make  $500 
weekly.  Free  report  reveals  secret  plan!  Executive  <1K7), 

333  North  Michigan,  Chicago  60601. _ 

PIANO  TUNING  LEARNED  QUICKLY  AT  HOMEI 
Tremendous  field!  Musical  knowledge  unnecessary.  Gl 
approved.  Information  free.  Empire  School,  Box  450327, 

Wfattaf  33146, _ 

$200.00  DAILY  In  Your  Mailbox!  Your  opportunity  to  do 
what  mail-order  experts  do.  Free  details.  Associates,  Box 

136-J,  Holland,  Michigan  43423,  _ 

ELECTRONIC  Assemby  Business.  Big  profits.  Start  home, 
spare  time.  Investment,  knowledge,  experience  unneces¬ 
sary.  Free  illustrated  literature.  Barta,  Box  248CT,  Walnut 
Creek.  Calif.  94597. 


INTEL80088BITMICR0  PROCESS¬ 
ING  CHIP  {with  data  book)  .$49.50 

2102-2-1024  BIT  RAM  - $6.95 

1702A.UV  PROM  . $24.00 

MM5203  UV  PROM  .....  ,.  .$24.00 


MINIATURE  TRIM  POTS 

5K,  10K.  25K,  100K, 

$.75  EA.  _ 3/$2.00 


MULTI-TURN  TRIM  POTS 

Similar  to  Bourns  3010  style  3/16"  x  W‘  x 
IV  50,  100,  2000.  5000,  10,000 
ohms. _ $1.50 


LIGHT  ACTIVATED  SCR’s 

TO- 18  200V  1A 


$1.75 


PRINTED  CIRCUIT  BOARD 

41/2" x6V2"  single  sided  epoxy 
board,  1/16”  thick,  unetched 

$.50  ea.  5/$2.20 


MC14435  &  MC1405L. 

A  two  piece  3Va  digit  A/D  converter 
system  for  panel  meters  and  DVM’S 
with  schematics  $39.95 


TRANSISTOR  SPECIALS 


2N6517  NPN  Si  TO-92 
2N5086  PNP  Si  TO-92...... 

2N4898  PNPTO-66 . . 

2N404  PNPGETO-5 . 

2N3919  NPN  Si  TO-3  RF  .... 
M PSA  13  NPN  Si  TO-92 
2N3767  NPN  Si  TO-66 

2N2222  NPN  Si  TO- 18  . 

2N3055  NPN  Si  TO-3  ..... 
2N3904  NPN  Si  TO-92  ..... 

2N3906  PNP  Si  TO-92 . 

2N5296  NPN  Si  TO-220  .... 
2N6109  PNP  Si  TO-220  ...t 
2N3866  NPN  Si  TO-5  Si  RF. 
MJ2252  NPN  Si  TO-66  ...  .. 

2N3638  NPN  Si  TO-5 . 

2N2218A  NPN  Si  TO-5  . 


4/$  1 . 00 
4/$1.00 
..$  .60 
4/$1.00 
..$1.50 
3/$1.00 
.70 
5/$1.00 
..$1.00 
4/51.00 
4/$1.00 
.$  .50 
.$  .55 
.$  .75 
,$  .90 
5/$  1 .00 
4/$  1 .00 


CAPACITORS 

35V  at  .47  UF  TANT  5/$  1.00 
35V  at  6,8  UF  TANT3/51.00 
20V  at  150  UF  TANT  .$  .40 
6V  30  UF  TANT  .  ..  .5/$  1.00 
12V  200  UF  ELECT...  .$.30 
200V  4.7  UF  ELECT  ...$.30 


C/M0S  (DIODE 

74C02  -$  ,50 
74C10  -$  ,50 
74C157— $2.00 
74C165 — $3,50 
CD4001— $  ,30 
CD4002— $  .30 
CD4006— $1.50 
CD4007— $  .30 
CD4009— $  .67 
CD4010 — $  .67 
CD4011— $  .30 
CD4Q12— $  .30 
CD4013— $  .53 
CD4015 — $1.17 
CD4016— $  .63 
CD4017— $1.34 


CLAMPED) 

CD4019— $  .58 
CD4022— $1.25 
CD4023 — $  .30 
CD4024— $1.00 
CD4025-— $  .30 
CD4026— $  .67 
CD4027— $1.20 
CD4028 — $1.09 
CD4029— $1.42 
CD4030 — $  .30 
CD4035— $1.42 
CD4042 — $  ,84 
CD4046— $2,55 
CD4047— $3. 10 
CD4050— $1.05 
CD4055— $2.70 


DO-33- 
ARRAV 
MAN-1, 
OUT  ... 
MAN-3 
MAN-4 
SLA  3 


A  3  DIG,  LED 
READOUT  .$1.95 
Red  LED  READ- 

. $2.50 

READOUT  $1.75 
READOUT  $2.00 
. $4.50 


Full  Wave  Bridges 


PRV 

2A 

6A 

25A 

200 

.95 

1.25 

$3.00 

400 

1.15 

1.50 

$4.00 

600 1 

1.35 

1.75 

$5.00 

2N3820P  FET  . $.60 

TIS73NFET  . . . $.50 

2N4891  UJT  . . $.50 

ER900  TRIGGER  DIODES  4/51 .00 

2N6028  PROG.  UJT . $.75 


CD  201 
100x100  IMAGE  SENSOR 
CHARGE0  COUPLE  DEVICES 
USE0  IN  S0LI0  STATE  CAMERAS, 
WITH  APPLICATIONS.  $198-00 


VERIPAX  PC  BOARD 

This  board  is  a  1/16”  single  sided 
paper  epoxy  board,  4V2”x6l/2’' 
DRILLED  and  ETCHED  which 
will  hoid  up  to  21  single  14  pin 
IC’sor  8,  16  or  LSI  DIP  IC’s  with 
busses  for  power  supply  con¬ 
nector _ $5.25 


FPA  7 1 1-7  LEVEL  Diode  Array  Op¬ 
tical  Tape  Readers  ,,,, ,  ..$5.95 


Conductive  Elastometer  low 
profile  calculator  keyboard.  A 
2  V’  x  3W  *  W  flex  key. 
19SK-6  keyboard  having  0-9,  *, 
-,  x,  s  -  ,  K-C  buttons  with 
off,  on  switch. _ $6.00 


RED/GREEN  BIPOLAR  LED 
MT-2  PHOTO  TRANS  .... 
GREEN  OR  YELLOW  LEO  . 

RED  GAP  0SL-3  LED . 

14  PIN  DIP  SOCKETS 

16  PIN  DIP  SOCKETS  . 

MOLEXPINS.  100/SI. 00. 


.51.30 
$.60 
S.30 
..  S.2D 
S.4D 

. 5.50 

,1000/58.00 


10  WATT  ZENERS 

3.9,  4.7  OR  18V . 

1,  WATT  ZENERS  5.6. 

10.  12.  15.  18.  OR  22V  * 


.  .$.75  EA 
.$.40  EA. 


1  Silicon  Po 

wer  Rectifie 

rs 

PRV 

1 A 

3A 

12A 

50A 

100 

.06 

.14 

.30 

.80 

200 

.07 

.20 

.35 

1.15 

400 

.09 

.25 

.50 

1.40 

600 

,11 

.30 

.70 

1.80 

800 

.15  | 

.35 

.90 

2.20 

1000 

.20  1 

.45 

1.10 

2.75 

REGULATED  MODULAR 
POWER  SUPPLIES 

4-  -15VDC  AT  lOOma 

U5VAC  INPUT . $24,95 

5VDC  AT  1A, 115VAC 

INPUT  . . ..$19.95 

12V  .6A  . 24.95 


IN  4148  (IN914)  . 14/51 .00 


1103  1024  bit  RAM  ,......$4.75 

NEC  6003  2048  bit  RAM  .  .$9.50 
1101  256  bit  RAM  . , .  ...$1.75 

8223  PROM  . ..$4.75 

7489  RAM . ,,.$2.75 


TTL  1C 

74L0Q—  .30 

7400-  ,17 

7401-  .17 

7402-  .17 

7403-  .17 

7404-  .21 

7405-  .20 
7406^  .35 

7407-  .37 

7408-  ,18 

7410-  .17 

7411-  .27 

7412-  .45 

7413-  .72 

7416—  .37 

7417—  .37 
7420—  .17 

7425-  .36 

7426-  .27 

7427-  .31 
7430—  ,17 
7432-  .27 

7437-  ,36 

7438-  .35 

7440-  .17 

7441-  .95 

7442-  .90 

7445 —  1.05 

7446- 1.10 

7447— 1.00 

7448-  1.00 

7472—  .33 

7473—  .38 

7474—  .35 

7475—  .60 


SERIES 

7476—  .45 

7480 —  .60 

7483-  .99 

7485 —  1.10 

7486—  .48 

7490-  .60 

7491- 1.00 

7492-  .75 

7493 -  .60 

7495 —  .80 

7496—  .85 

8267-1.95 

74107-  .40 
74121-  .50 
74123—  .90 
74125 —  .60 
74126-  .64 
74150-  .99 
74151-  .85 
74153-1.05 
74154—1.48 
74155—1.05 
74157-1.18 
74163-1.49 
74164—1.70 
74165-1.78 
74173 — 1.55 
74175—1.60 
74177—1.50 
74181-3.20 
74192-1.40 
74193—1.29 
74195 —  .80 
74196—1,90 
75324—1.75 
75491—1.10 


8Q38C  1C  VOLT  CONT.  OSC.  $4.40 


Terms:  FOB  Cambridge,  Mass.  Send 
Check  or  Money  Order.  Include 
Postage.  Minimum  Order  $5,00. 
COD’S  $20.00. 


5311.  5314  or  5316 
CLOCK  CHIPS . £5.00  ea. 


CT7001  Calendar  Alarm 
CLOCK  CHIP . 


$6.75 


CHARACTER  GEN 

2516-64x6x8 . $9.95 

CD  110  LINEAR  256  XI  BIT  SELF 
SCANNING  CHARGED  COUPLED 
DEVISE,  WITH  DATA  .  ,$150.00 


SANKEN  AUDIO  POWER  AMPS 

Si  1010  G  10  WATTS..,  .$  6.40 
Si  1020  G  20  WATTS ....  .$13,95 
Si  1050  G  50  WATTS . $24,95 


LINEAR  CIRCUITS 

LM  309K5V  1 A  REGULATOR 

SI  .50 

723  40  -40V  REGULATOR 

.5.58 

301/748  -Hi  Per.  Op.  Amp . 

.  S.30 

LM  320  -5  or  -15V  REGULATOR 

.51,75 

LM  376  -V  to  37V  PQS  REG 

.  .5.58 

741 A  or  741C  OP.  AMP. 

.  $.31 

709C  0PER  AMP  . 

$.25 

340T-5 .  12,  15.  18,  24V 

P0S.  REG.  TO-220  . . 

$1.75 

101  0PER  AMP.,  HI  PERFORM  . . . 

S  .75 

LM  308  0PER  AMP.,  LOW  POWER 

$1.05 

747— OUAL741 . . . . 

$.75 

556  DUAL  TIMER . 

$1.30 

537-PRECISION  OP.  AMP. 

$2.60 

LM  3900 — QUAD  OP  AMP, 

.  S.49 

LM  324— QUAD  741  ...  . 

$2.20 

560-PHASE  LOCK  LOOP 

S2.5D 

561— PHASE  LOCK  LOOP  ,  . 

S2.5D 

565-PHASE  LOCK  LOOP 

,.$2.50 

566  FUNCTION  GEN 

,$2.50 

567-TONE  DECODER  ,  . 

$2.85 

703 — RF-IF  AMP . 

. .$.41 

LM  370— AGO  SQUELCH  AMP. 

$1.15 

555—2  ms  —  2  HR  TIMER  . 

.  .  $.88 

553  QUA0  TIMER . 

S3.5D 

FC0  810  OPTO-ISOLATOR 

$1,35 

1456  0PER.  AMP  .  . 

$.95 

1458  DUAL  OP  AMP . 

$.65 

LM  380— 2W  AUDIO  AMP  . 

$1,39 

LM  377— 2W  STERO  AUDIO  AMP.  , 

$2.50 

LM  381— STEREO  PREAMP  .  .  , 

$1.69 

LM  382— 0UAL  AUDIO  PREAMP 

$1.69 

LM  311— HI  PFR  COMPARATOR  . 

$.95 

LM  319- DUAL  H!  SPEED  COMP 

.$1.15 

LM  339— QUAD  COMPARATOR 

$1.45 

TRIADS  SCR’S 

PRV 

1 A 

10A 

25A 

1.5A 

6A 

35A 

100 

.40 

.70 

1.30 

.40 

.50 

1.20 

200 

.70 

1.10 

1.75 

.60 

.70 

1.60 

400 

1.10 

1.60 

2.60 

1.00 

1.20 

2.20 

600 

1.70 

2.30 

3.00 

3.00 

Send  20c  for  our  catalog  featuring  Transistors  and  Rectifiers;  145  Hampshire  St.,  Cambridge,  Mass. 
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SOLID  STATE  SALES  SSS 

P.0.  BOX  74A  DAY  WE  RECEIVE  THEM 

SOMERVILLE,  MASS.  02143  TEL.  (617)  547-4005 


CIRCLE  NO.  41  ON  READER  SERVICE  CARO 


INVENTIONS  WANTED 


CASH -ROYALTIES  for  patented,  unpatented  inventions. 
Globa]  Marketing  Service,  139-P  L&ks  Merced  Hilt  South, 

Sqn  Francisco,  California  94132. _ 

INVENTORS:  Protect  your  ideas!  Free  “Recommended 
Procedure".  Washington  Inventors  Service,  422T 

Washington  Building,  Washington,  D.C.  20005. _ 

FREE  PAMPHLET;  "Tips on  Safeguarding  Your  Invention.1’ 
Write:  United  States  Inventors  Service  Company,  708-T 
Carry  Building,  Washington,  D.C.  200Q5, _ 


Inventors  Wanted 


RECOGNITION,  FINANCIAL  REWARD, 
OR  CREDIT  for  "inventing  it  first" 
may  be  yours!  We’ll  develop  your 
idea,  introduce  it  to  industry, 
publicize  it,  negotiate  for  Cash 
Sale  or  Royalty  Licensing. 


Send  for  FREE 
INVENTORS  KIT 
Includes  •  Vital  Infor¬ 

mation  on  Protection, 
Development,  Marketing 

of  your  Invention  i 
•  Important  “Invention  J 
Record  Form "  M 

•  Directory  of  5 00  Cor* 

RAYMOND  LEE  ORGANIZATION  X  portions  Seeking 
230  Park  Ave.  No. .New  York,  NY  10017  X. New  Products  j 
Please  rush  FREE  INVENTORS  KIT  A-139^- - -A 


Name 


Address 


Zip 


~Tnventi o nsTideas  I 

WANTED  | 

Manufacturers  Need  New  Products,  Your  invention,  new  • 

product  or  idea  developed  for  cash  /  royalty  sales  by 
Professional  Organization. 

“No  Idea  Is  Too  Small”* 

Free  Booklet:  “How  to  Safeguard,  Develop 
and  Market  Your  Ideas  to  Industry" 

LAWRENCE  PESKA  ASSOCIATES 

500  Fifth  Ave., Dept.  MM,  N.Y.C.  10036 

Phone  (212)  354-9696  ^ 

A  trademark  of  Lawrence  Ptska  Associates.  Inc.  • 


MUSICAL  INSTRUMENTS 


UP  TO  60%  DISCOUNT.  Name  brand  instruments  catalog. 
Freeport  Music,  455N  Route  110,  Melville,  N.Y.  11746. 
WHOLESALE!  Professional  Guitars,  PA  Systems,  Altec 
Speakers,  240W  RMS  Amplifiers.  Free  Catalog,  Carvtn, 
Escondido,  Calif.  92028. _ 


TREASURE  FINDERS 


FREE  FACT-FILLED  CATALOG!  World's  largest  selection! 
Metal  detectors  starting  at  $79,50.  Two  year  guarantee! 
Three  factories,  U.S. -Canada.  1,200  dealers  -  Service 
Centers  nationwide.  Finest  instruments  at  any  pricef 
Budget  Terms.  Dealer  inquiries  invited.  Write;  White's 
Electronics,  Inc.  Dept,  PD5U,  1011  Pleasant  Valley  Road, 

Sweat  Home,  Oregon  97386. _ 

TREASURE  FINDER  locates  buried  gold,  silver,  coins, 
treasures.  6  powerful  models.  Instant  financing  available. 
Write  or  call  for  free  catalog.  Phone  (713)  682-2726  day  or 
night.  Dealer  inquiries  invited.  Ftelco,  Dept.  AA20,  Box 
10839.  Houston,  Texas  77018. 


REMAIL  SERVICE 


FAST  CONFIDENTIAL,  your  mail  received,  forwarded  from 
mini  computer  capital  of  the  world.  B.J.,  Box  441,  Maynard, 
MA  01754, 


HYPNOTISM 


SLEEP  learning.  Hypnotic  method.  92%  effective.  Details 
free.  ASR  Foundation,  Box  23429EG,  Fort  Lauderdale, 

Florida  333Q7. _ 

FREE  Hypnotism,  Self-Hypnosis.  Sleep  Learning  Catalog! 
Drawer  H4QQ,  Ruidoso,  New  Mexico  88345. 

AMAZING  self-hypnosis  record  releases  fantastic  mental 
power.  Instant  results!  Free  trial.  Write:  Forum  (AA7),  333 
North  Michigan,  Chicago  60601. 
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POPULAR  ELECTRONICS 


Popular  Electronics 

JULY  1975 

ADVERTISERS  INDEX 


READER  PAGE 

SERVICE  NO.  ADVERTISER  NUMBER 


1  A.D.R.  Audio  Video  . * . 68 

2  A  P  Products  Incorporated  . 79 

3  Adva  Electronics . 94 

48  Allison  Automotive  Company  . 51 

Alpha  Electronics . . „ .  1 

6  Altaj  Electronics . . . 87 

7  Ancrona  Corp . 95 

8  B&K  Precision  Products  of  Dynascan . 26 

9  Babylon  Electronics  . 88 

Bell  &  Howell  Schools . 18,19,20,21 

CREI  Capitol  Radio  Engineering 

Institute  . 52,53,54,55 

10  Circuit  Design,  Inc  . 67 

11  Cleveland  Institute  of  Electronics,  Inc . 70, 71, 72, 73 

12  Clifford's  Hi-Fi  Wholesalers . 84 

14  Continental  Specialties  Corp  . 7 

15  Crown . 14 

16  Delta  Electronics  Co . , . 90 

17  Delta  Products,  Inc . .15 

18  Digi-Key  Corporation . 99 

19  EICO . 59 

20  Edmund  Scientific  Co  . 100 

5  HeathCompany . . . 5 

21  Illinois  Audio  . 84 

22  International  Electronics  Unlimited  . . .86 

23  James . 97 

33  Johnson  Co.,  E.F . . . 2 

24  Lafayette  Radio  Electronics  . 77 

25  McIntosh  Laboratory,  Inc . 69 

26  MITS  . . 25 

27  Maxell  Corporation  . 17 

50  Mini-Micro  Mart . . . - . . .94 

NRI Schools .  8,9,10,11 

National  Technical  Schools  . 80, 81, 82, 83 

28  New-Tone  Electronics  . 90 

30  Pace  Communications . 69 

31  Pace  Communications . . 85 

32  Phase  Linear . 63 

34  Pickering  and  Company,  Inc . .  .THIRD  COVER 

35  PolyPaks- . * . . . 93 

36  Processor  Technology  Co . 75 

37  RCA  Electronic  Instruments  . . 67 

38  RCA  Solid  State  . 13 

39  Radio  Shack  . SECOND  COVER 

40  SAE.Inc  . 79 

49  Sansui  Electronics  Corp . 23 

41  Solid  State  Sales  . . 98 

42  Solid  State  Systems,  Inc  . 89 

43  Southwest  Technical  Products . .  . . 6 

44  Stereo  Discounters  . 76 

45  Teletronics  Company  of  America . 76 

46  Tracy  Design  Corp . 90 

47  Tri-Star  Corporation . , . . ....  .68 

4  United  Audio  Products . .  FOURTH  COVER 

CLASSIFIED  ADVERTISING . 86, 88,  94,  96,  98,  99 


JULY  1975 


PRO  SPORTS  FILMS 


OUT  THEY  GO!  Brand  new,  lab  fresh  Super  8  B&W  200' 
NFL  Films.  Why  wait?  Order  your  choice  of:  Football  Fol¬ 
lies;  Super  Bowl  1969;  Super  Bowl  1972;  or  Super  Bowl 
1970  or  ’71  (Standard  8  only)  at  only  $4.95  each  PPD  while 
our  stock  lasts.  ORDER  TODAY!  You  save  S4.00  on  every 
print  you  buy.  Or  choose  others  from  Columbia  or  Castle 
catalogs  (30)  cents  each).  It's  the  chance  of  a  lifetime !  PRO 
SPORTS  FILMS,  Elect.  Dept-7,  Box  24-500.  Speedway. 
Indiana  46224. _ 


RECORDS _ 

OLDIES.  45rpm.  Free  Catalog.  Corny’s  Record  Shop.  Box 

166TJ,  Mason,  Ohio  45040. _ 

FREE  RECORD  COLLECTION  Reviewers  wanted.  Anyone 
qualifies.  We  ship  you  new  records  to  review.  You  pay 
postage.  Records  are  free.  Applicants  accepted  ‘first 
come”  basis.  Write:  Entertainment  Associates  Rating  Sys¬ 
tems.  Inc.,  Research  PE.  6162  Washington  Circle.  Mil¬ 
waukee.  Wisconsin  53213. 


EMPLOYMENT  OPPORTUNITIES 


ELECTRONICS/AVIONICS  EMPLOYMENT  OPPORTUN¬ 
ITIES.  Report  on  jobs  now  open.  Details  FREE.  Aviation 
Employment  Information  Service.  Box  240E,  Northport, 

New  York  11768. _ _ 

OVERSEAS  EMPLOYMENT-TECHNICIANS  Five  years 
minimum  experience  required  in  the  petrochemical, 
chemical,  refining,  or  oil/gas  industries  for  the  following- 
(1)  Marine  Mechanical  Repairman— Troubleshoot  and 
modify  equipment  instruments  aboard  marine  craft.  (2) 
Specialist  Electrical  Technician— valid  FCC 
Radiotelephone  License.  2nd  class  or  better.  Maintenance 
of  various  electronic  equipment.  (3)  Electronic/Pneumatic 
Instrumentation  Technician— package  includes  fantastic 
compensation,  yearly  paid  vacations  and  family  living. 
Rush  resume  for  confidential  review  to  Dan  A.  Redwine, 
Scientific  Placement.  Inc..  Employment  Service.  2700  S. 
Post  Oak  Road.  Houston.  Texas  77027.  We  will  be  in  touch 
shortly  if  there  is  further  interest. 

TRANSMITTER  SECTION  HEAD  required  for  Christian 
radio  station.  Applicant  needs  five  years  experience  in  per¬ 
forming  and  supervising  high-powered  shortwave 
broadcast  operations.  Experience  in  supervising  and  work¬ 
ing  with  multinational  staff  desirable.  Two-three  year 
contract.  Excellent  fringe  benefits.  Written  application  to: 
Personnel  Office.  Radio  Voice  of  the  Gospel.  P.O.  Box  654. 
Addis  Ababa,  Ethiopia. 


BOOKS  AND  MAGAZINES 


FREE  catalog  aviation  /electronic/space  books.  Aero 
Publishers,  329PE  Aviation  Road.  Fallbrook,  California 

92028. _ 

FREE  book  prophet  Elijah  coming  before  Christ.  Wonderful 
bible  evidence.  Megiddo  Mission.  Dept.  64.  481  Thurston 

Rd„  Rochester,  N.Y,  14619. _ 

POPULAR  ELECTRONICS  INDEXES.  Detailed  and 
complete  subject  indexes  now  available  to  both  1972  and 
1973  magazines.  Hundreds  of  subject  references  to  help 
you  quickly  find  that  special  project,  article,  or  product 
test.  1972  and  1973  editions  $1.00  each.  INDEX,  box  2228, 

Falls  Church,  Va.  22042. _ 

LOW  &  MEDIUM  FREQUENCY  RADIO  SCRAPBOOK. 
Unique  new  handbook  dedicated  to  the  experimenter. 
Receivers,  converters,  coil  winding,  antennas,  loops,  the 
nonlicensed  communication  bands  and  the  FCC  rules. 
Over  100  pages  chock-full  of  diagrams  and  data.  Nostalgia 
for  the  oldtimers  and  an  introduction  to  radio  communica¬ 
tions  for  the  newcomer.  $4.75.  Cornell,  225  Baltimore 
Avenue.  Point  Pleasant  Beach,  N.J.  08742. _ 


TOOLS _ 

UNUSUAL  Directory  of  companies  offering  thousands 
hand  and  power  tools.  $2.00.  Cash  Industries,  Box 
48Q4PE2,  Pittsburgh,  Pennsylvania  15206. _ 


MAGNETS 

MAGNETS.  Ail  types.  Speciats-20  disc,  or  10  bar.  or  2  stick, 
or  8  assorted  magnets.  $1.00.  Magnets,  Box  192-H, 
Randaflstown.  Maryland  21133. _ 


DO-IT-YOURSELF 

TELEPHONES,  ALL  TYPES.  Equipment.  Supplies,  Keyed. 
Regular.  Decorator.  Catalog  50  cents.  Box  1654J,  Costa 
Mesa,  California  92626.  _ _ 


MISCELLANEOUS _ 

WINEMAKERS:  Free  illustrated  catalog  yeasts,  equipment. 
Semplex,  Box  12276P,  Minneapolis.  Minn.  55412. 


Z'  Quality 
Electronic  Components 

SPECIAL  SAVINGS  DISCOUNT  ON  I1NUR  AND  DIGITAL  INTEGRATED  CIRCUITS 


7jnrtkl  TJL  *  CMOS  INTEGRATED  circuits 

*5C  7«5N...81c  749SN ...  90c  74193N.S1.17  4027AE..67C 

7401N  ...  25c  7446N  .  . .  6lc  7496N...81c  -  ““  - 

BJc  74107N  32c 
.90c  741 21 N  . .  38c 
.33c  74122N..45C 
.23c  74123N.S1.0B 
.  23c  74T41N  . .  99c 
.23c  741 50N.  SI  >44 


7402N  . .  .  25c  7447N  . 

7403N  ...  25c  7448N  . 

7404N  ...  25c  7450N  . 

7405N ...  25c  7451N. 

74Q6N  ...  25c  7453N  . 

7407N ...  25c  7454N _  _ _ 

7408N  ...  25c  7459N  .  . .  2Sc  74151N  . .  90c 
7409N...25C  7460N...23c  74153N..81c 
.  .25c  747QN  . . ,  36c  74154N.  $1.44 
”1M...25c  7472N...3&C  74155N..8U 
7473N...32C  74156N  . .  81c 
«  741 57N  .  .  72c 

”!£••  -2*  7475N ...  54c  7415aN.Sl.53 
N76N...3*  741MN.S1.26 
7480N . .  .  72t  74161N.SU7 
748W...78C  74162N.S1.26 
7«£  -  ’ '  74a3N  -  •  •  72c  74163N.  SI  .26 

7*J“  ‘"S6  74S5N. .  SK40  74164N.  S1.35 
-  25c  7466N  ...  32c  741 65N,  $2.45 
™7N ...  Be  74B9N. .  $4.47  741 A6N.  SZ00 
7490N  .  .  ,  50c  74175N.  S1.00 
7491N  ...  lie  74180N..8IC 
7«W--.»e  74181 N.  $2.25 
7442N ...  65c  7493N  ...  50c  74182N  . .  90c 
7494N  .  . .  81c  74192N.  S1.26 


74198N.  $2.75  4028AE.S1.09 
74199N.S2.7S  4029AE.S1.42 
4000AE  . .  30c  4030AE  .  .  50c 
4001A£..30c  4033AE.S1.67 
4002AE  .  .  30c  4034AE.  53.34 
40Q6AE.  SI -50  4035AE.  S1.42 
40O7AE  . .  30c  4040AE .  SI  .67 
4008AE.S1.17  4041 AE  , .  92c 
4009AE  , .  67c  4042AE  . ,  84c 
4010AE  . .  67c  4043AE  . .  67c 
401 TAE  ..  30c  4C44AE  .  .  67c 
4012AE  ..  30c  4046Ae.  S2.51 
401 3AE  . .  53c  4049 A E  . .  58c 
4014Af.St.67  4Q50A*  . .  58c 
4015AE.S1.17  4051  AE.  SI. 50 
4G16AE  . .  63c  4052AE.S1J0 
4017AE .  S1.34  4G53AE.  SI. 50 
4018AE.  S’. 67  *060Ae.$1.67 
4019A£  .  .  58c  4066AE.S1.00 
4020AE.S1.67  4071  AE  . .  30c 
4021  AE.  SI. 50  4072AE  . .  30c 
4022AE .  SI. 25  4073AE  . ,  30c 
4023AE  .  .  30c  4075AE  . .  30c 
4024AE.  SI. 00  4081  AE  ..  30c 
4025AE  .  . 30c  4082AE  . .  30t 
4026AE.  S1.67 


LINEAR  INTEGRATED  CIRCUITS 

555V  MINIDIP  TIMER . 82.5c  558V  MINIDIP  DUAL  AMP  . .  .  75.0c 

565A  DIP  PLL . $3.38  567V  MIN  I  DIP  DECODER . 53.38 

741V  MINIDIP  OP  AMP . 50.0c  723A  DIP  VOLTAGE  REG . 82.5c 

748V  MINIDIP  OP  AMP . 42.0c  747A  DIP  DUAL  AMP . 97.5c 

LI 29  5  VOLT  REG . .  $1.80  LM3900  DIP  QUAD  AMP . 60.0c 

LI 31  15  VOLT  REG . $1.80  L130  12  VOLT  REG  .  . . $1.80 

LM309K  5  VOLT  REG . $1,75 

MINIATURE  ALUMINUM  ELECTROLYTIC  CAPACITORS 
—  AXIAL  LEAD  TYPE  — 

-*«  »lw  arc  pkM  10-.  Itraalu  than  4.7  UM»  -10  »lu.  «*•  |4.7  UPO  of  laMl 

33  UFD  WV ....  15c  12c  Ik  330  UfD/UV  . . .  3Se  Jfc  2k 


I  OfD  SOV . 14c  12c  IU 

3.2  U»0  SOW  ...14c  12c  IU  33  UFD  2SV . 
3JWD3SV  ...14c  12c  11c 
4.7  UFD  3SV  . . .  14c  12c  11c  47  UfD/HV . 

10  UTD’lfrV ....  14c  12l  IU  100UH1/16V. 
I0U»D2SV....I4t  IJc  tie  100  UFO/ 25V  , 
77UFDI6V....14C  12c  Uc 
2?  WDi2SV ....  Ife  13c  lit 


17c  1 3c  12c  330  U7D/2SV ...  44c  3St  32c 

47WD.16V - T7c  Me  13c  470  Uf  D/16V  .  ,37c  30c  27c 

tfc  I5t  lk  470  WD/2SV  . . .  «t  3«t  35c 

tfc  15c  Ik  1000  UfD/UY  . .  49c  3*  Me 

2k  1  Be  17c  1000  WD/2SV  . .  7Sc  60c  5Sc 

1  Be  17e  2200  UTO/16V  ..  75c  60c  55e 


WD/2SV , . .  35c  25c  2k 

1  AMP  SILICON  RECTIFIERS 

1N4001  50  PIV  12/SI  100/S6  1000/S48  1N4005  600  P1V  8/SI  100/S9  1000/S70J 

1N4007  1000  P1V  6/SI  100/S11  1000/S88 

SILICON  SIGNAL  &  SWITCHING  DIODE| 

IN4148  (IN914  equiv.)  12/SI  100/S7  1M/S50  5M/S220 

MOLEX  SOLDERCON  1C  TERMINALS 

100/si  500/ $4,20  1000/S8.20  5000/S38.20  50,000/5275 

LED  7  SEGMENT  DISPLAYS 

DATALIT-704  ..$1.00  DATALIT-707  ..$1.50 

MACHINE  SCREWS,  NUTS  &  LOCKWASHERS 


2-56  Vs  Screw  .  90c  lc 
4-40  '/i  Screw  .  96t/e 
6*32  Vs  Straw  .  92c/c 
8-323/6  Screw  $1  .M/c 
2-56  Hex  Nut.  S1.45/C 
4-40  Hex  Nut.  S1.45/C 
M2  Hex  Nut.  SI  .45/C 
8-32  Hex  Nut.  SI. 50/e 


2-56  V»  Screw  .  98c/c 
4-40  Is  Screw  .  96c/c 
6-32  V>  Screw  _  86c/c 
832  5/8  Screw  SI. 35/c 
2  Lock  Wosher .  45c/c 
4  Lock  Wosher  .  45c/c 
6  Lock  Wosher  .  45c/c 
8  lock  Wosher  .  45c/c 


REED  RELAYS 

6  AMP  SPST  N.O. 
CONTACTS 


DISC  CAPACITORS 


Call  VaM*.  I  10 

5V  .$2.00  $1.50 
6V  .  $2.00  $1.50 
12V  $2.00  $1.50 
24V  $2.00  $1.50 

I.C.  SOCKETS 

1  10 

8  pin  Solder.  27c  21c 

14  pin  Solder.  29c  23c 

16  pin  Solder.  32c  25c 

18  pin  Solder.  34c  26c 

24  pin  Solder.  54c  42c 

l  to 

8  pin  W.W.  . .  38c  30c 

14  pin  W.W.  .  50c  39c 

16  pin  W.W.  .  54c  42c 

18  pin  W.W.  ,  88c  68c 

24  pin  W.W.  .  99c  80c 

Vi  &  Va  WATT  CARBON  COMP.  RESISTORS 

5  each  of  the  85  stondord  10%  values  (2.2-22M)  W  Resistors  (425  pa.) 
Sorted  by  value  SI  2/set  2-4  ore  Sll/sei  5-9  are  S10/set. 

5  each  of  the  70  standard  10%  values  {10-5 AM)  ’«  W  Resistors  (350  pcs.) 
Sorted  by  value  S12/set  2-4  ore  Sll/iet  5-9  are  SlO/set. 

SILICON  TRANSISTORS 


100  pf/500V. . 

..7c 

5.5c 

4.5c 

3.6c 

220  pf /500V. 

,.7c 

5.5c 

4.5c 

3.6c 

470  pf/500V. 

7c 

5.5c 

4.5c 

3.6c 

.001  /500V  . . 

, .  7c 

5.5c 

4.5c 

3.6c 

.0022/ 500V  . 

..7c 

5.5c 

4.5c 

3.6c 

.0047/500V  . 

, .  7c 

5.5c 

4,5c 

3.6c 

.01 /500V  .  .  . 

.10c 

7.5c 

6.3c 

5.0c 

.01/25V. .  . . 

. .  5c 

3.5c 

3.0c 

2.4c 

.022/25V . . . 

..  6c 

4,0c 

3.5c 

2.7c 

.047/25V  . . . 

..9c 

6.0e 

5.3c 

4.2c 

.1  /25V . 

.  12c 

9.0c 

7.5c 

6.0c 

EN918  . . 

.  T0-106 

14 

21c 

JOW 

IBJc 

wo 

16.5c 

2N3645 

.  TO-105 

14 

20c 

1*41 

17.5c 

in 

16,0c 

EN930  . . 

.  T0-106 

2te 

IBit 

16.5c 

2N3646 

.  TO-106 

22c 

19.0c 

17.5c 

EN222  .. 

.  T0-106 

2U 

183c 

16.5c 

2N3904  , 

.TO-  92 

22 c 

190c 

17.5c 

EN2369A.  .TO-106 

21c 

183c 

16.5c 

2N3906 

.TO- 92 

22C 

19.0c 

17.5c 

EN2907. . 

.  TO-106 

2U 

18.5c 

16.5c 

2N4124 

.TO-  92 

22c 

19.0c 

17.5c 

2N2712  . 

.TO-  98 

lBc 

16.0c 

14.5c 

2N4126  . 

.TO-  92 

22C 

19.0c 

17.5c 

2N3391A  .  TO-  98 

22c 

19.0c 

17.5c  . 

2N4401  . 

.TO-  92 

72c 

19.0c 

17.5c 

2N3392  . 

.TO-  98 

22c 

19.0c 

17.5c  2NM03 

.TO- 92 

22c 

190c 

17.5c 

2N3393 

.TO-  98 

22c 

19.0c 

17.5c 

2N5C87 

.TO-  92 

22c 

190c 

17.5c 

2N3394 

.TO-  98 

22c 

19,0c 

17.5c 

2N5089 

.TO-  92 

22c 

190e 

17.5c 

2N3S63 

.  TO-106 

20c 

17.5c 

17.5c 

IN  51 29 

.  TO-106 

19c 

17.0c 

15.0c 

2N3565 

.  TO-106 

20c 

17.5c 

16.0c 

2N5133 

.  TO-106 

19t 

\7.0c 

TSOc 

2N3638 

.  TO-IOS 

20c 

17.5c 

16.0c 

2N5134 

.  TO-106 

19c 

17.0c 

150c 

2N3638A  .  TO-105 

20c 

17.5c 

16.0c 

2N5137 

.TO-106 

19c 

17.0c 

ISOc 

2N36M 

.  TO-106 

22c 

19.0c 

16.0c 

2N5138 

.  TO-106 

19c 

17.0c 

15.0c 

2N3W1 

.  TO-105 

20c 

17.5c 

17.5c 

2N5139 

.  TO-106 

19c 

170c 

15.0c 

2N3643 

.TO-105 

20c 

17.5c 

16.0c 

2N3055 

.TO-  3 

SlJOO 

95.0c 

85.0c 

FIELD  EFFECT  TRANSISTORS 

MPE102  .  TO-  92  .44  .  380  .350  2N5457.  .  TO-  92  .47  .420  .  375 

NPN  DARLINGTON  TRANSISTOR 

MPS-A13.  TO- 92  Min.  DC  Current  Gofn  ol  5.000  o»10mA.  .36  .320  .290 

Send  for  Free  Catalog  or  Mail  Readers  Service  Card 

COD  ORDERS  ACCEPTED  FOR  SAME  DAY  SHIPMENT 
CALL  210-661-6674 

Orders  less  Ikon  SI 0.00  add  50c  Service  Chiwpe— Others  Postpaid 
-finfv  Quality  Said!" 

DIGI-KEY  CORPORATION 

P.O.  Box  126 _ Thief  River  Folk.  MN  56701 J 
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WHEN  YOU  COME  TO  PHILADELPHIA  BE  SURE  TO  SEE 

SaaaniKninnMiniiEiEciS 

I^INBARRINfiTON,  N.  1.  OHIY  10  MINUTES  AWAY  AT 


3-CHANNEL  COLOR  ORGAN  KIT 


Easy  to  build  low-cost  kit  needs  no 
technical  knowledge.  Completed  unit 
has  3  bands  of  audio  frequencies  to  mod¬ 
ulate  3  independent  strings  of  colored  lamfjs 
(i.e.  ,,lows”-reds1  “middles’,-greens,  “htghs”- 
blues.  Just  connect  hi-fi,  radio,  power 
lamp  etc.  &  plug  ea.  lamp  string  into 
own  channel  (max.  300w  ea.).  Kit  features  3  neon  indicators,  color  intensity 
controls,  controlled  individ  SCR  circuits;  isolation  transformer;  custom  plastic 
housing;  instr. 

Stock  No.  41.831AV . . . $18.95  Ppd 


TOTAL  KIRLIAN 
PHOTOGRAPHY  SET 


Explore  “aura"  photography  w/  superb  new 
self-contained  Kirlian  Electrophotography  Re¬ 
search  Unit.  Terrific  value  —  introduced  at 
$99.95  ($140  in  Sept.)!  Has  everything  but 
vinyl  photo  changing  bag.  Ideal  for  color  or 
b&w  35mm,  sheet  or  Polaroid  film  for  photos 

up  to  5x7"  all  without  camera  or  lens.  Variable  voltage  12v  to  32kv.  Ultimate 
safety  design— fully  encased  in  plastic;  patented  electronics.  Instrs. 

No.  72, 104 A V  .  .  .  (3x5%*7%")  . . . $99.95  Ppd. 

No.  42.240AV  .  .  .  (CHANGING  BAG) . $  6.50  Ppd. 


~-*m  AM  RADIO  FITS 

JX  rm  IN/0N  Y0UR  EAR! 

4  jhSHH  Wear  inconspicuously  everywhere ,  listen  as 

1  PI  you  work  (lawn,  yard,  office),  watch  (game, 

~  beach)  or  wart.  Instant  music,  news,  sports.  No 

gimmick-6/10  oz.  technological  wonder 
w/integrated  circuit,  11  transistors,  patented 
**  w  1  ferrite  antenna/tuner/volume  dial.  Works  best 

outdoors.  Uses  hearing  aid  batt.  (incl)-upto  lOO 
hrs.  playing.  New  batt.  to  slip  in  avail,  at  drug  stores  (about  50c).  No  lengthy  wires, 
bulky  cases,  or  power-packed! 

Stock  No.  42.275AV  . . .$14,95  Ppd. 


ELECTRONIC  DIGITAL  MEfoTX 

STOPWATCH:  $69.95  . 

A  price  breakthrough !  New  pocket  size  4  oz.  | * 
timer  acc.  to  * 2 %  of  last  digit  (1/100  sec.  in- 
crements).  Compares  with  others  twice  the 
price!  Instant  error-free  readouts  to  9999.99 
sec.  (over  2%  hr).  Starts,  stops  re-starts  (ac¬ 
cumulates).  Mechanical  pushbutton  &  electrical  remote  on/offs  w/any  3.5-150v 
AC/DC  source.  Plug-in  jack.  Incls.  9v  batt.  Solid  state. 

No.  1943  AV  0%x4KxW) . S69-95  pPd- 

DELUXE  2  EVENT  STOPWATCH  fc0.01%  OF  LAST  DIGIT) 

No.  1653  AV  (PRICE  UP  IN  SEPT.!) . $120.00  Ppd. 


KNOW  YOUR  ALPHA  FROM  THETA! 

For  greater  relaxation,  concentration,  listen  to 
your  Alpha-Theta  brainwaves.  Ultra-sensitive 
electrode  headband  slips  on/off  in  seconds- 
eliminates  need  for  messy  creams,  etc.  Atch’d 
to  amplifier,  filters  brainwaves,  signals  beep  for 
ea.  Alpha  or  Theta  wave  passed.  Monitoring 
button  stimulates  Alpha  sound;  audio  &  visual 
(L.  E.  D. )  feedback.  Reliable,  easy-to-use  unit  comparable  to  costlier  models.  Com¬ 
pletely  safe.  Comprehensive  instruction  booklet. 

No.  1 635AV  (8x3x4”;  24  oz.) . $1 34.50  Ppd. 

DELUXE  “ON”  TIME  MONITOR— Measures  and  records  %  LOW  COST  “STARTER”  UNIT 

No.  1652AV . (15x10x6") . $349.50  Ppd. 

No,  71809AV . $55.00  Ppd. 

00-IT- YOURSELF  KIT . No.  61.069AV . . . $34.95  Ppd. 


FUEL  MISER  RECLAIMS  HEAT  jfe 

Save  your  40%  wasted  heat  to  warm  a  basement,  ||P^ 

garage  or  rec  room  at  no  extra  cost!  Instead  of  S  ^ 

going  “up  the  chimney”  it  goes  where  you  want  it.  ^  "  j|  \  & 

Remove  part  of  furnace  exhaust  pipe,  slip  Heat  Jf  * 

Exchanger  in.  At  125”  fan  automat,  forces 

clean  air  through  unit  which  heats  to  over  200°?.,  can  deducted  to  20  ft.  from  unit. 
1  lOv  AC.  Inst. 

No.  1 9,194AV  (5“  OIA.)  Shpg.  17  1b.  . . . . $99.00  FOB 

No.  19, 195AV  (6"  OIA.)  Shpg.  17  lb . $99.00  FOB 

No,  19J98AV  (7"DIA.)  Shpg.  17  1b . $99.00  FOB 


QUALITY  DETECTOR 
UNDER  $40 

New  Edmund -developed,  fully  transistorized 
BFO  unit  capable  of  locating  quarter  at  18"  — 
powerful  6-trans.  oscillator-amplifier  circuit. 
Easily  compares  to  others  priced  50%  higher! 
Aluminum  pole  and  housing— not  plastic!  6" 
waterproof  search  coil  (Faraday  shielded  to 
elim.  outside  interference);  long  50-hr.  battery 
(9V)  life;  powerful  2"  speaker;  1-knob  on-off  tune  control.  Perfect  balance; 
lightweight  (2  lbs.).  Great  buy! 

Stock  No.  80.222AV . . . $39.95  Ppd. 

OELUXE  UNIT  W/EAR  PHONES,  METER 

No.  80.134AV _ (11"  coil) . $169.00  Ppd. 


LOW  COST  7X 

INFRA-RED  VIEWER  0& 

For  infra-red  crime  detection  surveillance,  se- 

curity  system  alignment,  I.R.  detection,  laser 

checking,  nite  wildlife  study,  any  work  req.  I.R.  IT 

detection  &conv.  to  visiblespectrum.  Self  cont.  w 

scope  w/everything  incl  I.R.  light  source.  . 

6v  or  12v  power.  6032  I.R.  converter  tube,  f/4.5  objective  lens,  adjust,  triplet 
eyepiece.  Focuses  from  10'  to  infinity, 

No.  1659AV  (1 1  x  14% *3") . ....$275.00  Ppd. 

WITHOUT  LIGHT  SOURCE  J 

No.  1648AV . $225.00  Ppd. 


MAIL  COUPON  FOR 

GIANT  FREE 
CATALOG! 


180  PAGES  •  MORE  THAN 

J  I  dCAA  UNUSUAL 
- 1  BARGAINS 

Completely  new  1975  edition.  New  items,  categories,  illustration*.  Dozens 
of  electrical  ond  electromagnetic  ports,  accessories.  Enormous  selection  of 
Astronomical  Telescopes.  Unique  lighting  and  ecological  items  Nfo- 
crascopes.  Binoculars,  Magnifiers,  Magnets,  Lenses.  Prisms.  Mard-fo-get- 
surplus  bargains.  Ingenious  scientific  fools.  1 000‘s  of  components. 

EDMUND  SCIENTIFIC  CO. 

300  Itftcorp  Buildinc.  Bjrrin|ton,  N.  J.  08007 

Please  rush  Free  Giant  Catalog  *'AV" 


| _ City  - 


W  ASTRONOMICAL 
TELESCOPE 


See  moon  craters,  ringsof  Saturn,  double  stars. 
New  equatorial  mount,  f/10,  1/4  wave  mirror 
,  (Pyrex  ).  Gives  theoretical  limit  of  resolution. 

I  Rack  &  pinion  focusing.  Aluminum  tube,  6X 

I  finder.  1"  F.L.  45X  Kellner  achromatic  eyepiece 

and  Barlow  lens  to  double  &  triple  power  up  to 
135X.  Free  Star  Chart  plus  2  Books. 

Stock  No.  85,1  05AV  (Shipping  Wt.  42  lbs.) . $149.50  FOB 

AVa  WITH  CLOCK  0RIVE . No.  85,1 07 AV . $189.50  F08 

6  REFLECTOR  TELESCDPE  (48X  to  360X) . No.  85.187AV . $249.50  FOB 

6  WITH  CLOCK  DRIVE . No.  85.086AV . $285.00  FOB 

3”  OELUXE  REFLECTOR  (30X  to  90X) . .,..No.  80.162AV . $79.95  Ppd. 

STANDAR0  3  REFLECTOR . No.  85,240AV . $49.95  Ppd. 


EDMUND  SCIENTIFIC  CO.  300  Edscorp  Building,  Barrington,  NJ.  08007 

How  Many  Stock  No.  Description  Price  Each  Total 

□please  send  giant - 1 - \ - 

FREE  CATALOG  “AV” - 

□  Charge  my  BankAmericard - 

□  Charge  my  Master  Charge  +  Add  Handling  Chg.:  $1.00,  Orders  Under  $5.00,  50g,  Orders  Over  $5,00 

Interbank  No.J — - - - i^ESBQ  - - - 

My  Card  No  |s  1111  1^”  ^jgjjg  I  enclose  Dcheck  □  money  order  for  TOTAL  $  _ 


Card  Expiration  Date _ _ 

30-0AY  MONEY-BACK  GUARANTEE.  Name _ 

You  must  be  satisfied  or  return  Address 
any  purchase  in  30  days  .for  full 
refund.  H $15  flG  minimum  C-1*/- 


Signature^ 
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CIRCLE  NO.  20  ON  READER  SERVICE  CARD 


POPULAR  ELECTRONICS 


That  they  succeeded  is  a  remarkable 
achievement  because  this  cartridge 
successfully  tracks  all  types  of  records 
at  forces  even  lighter  than  one  gram. 

It  is  a  real  first  to  do  it  this  accurately. 

The  Pickering  XUV/4500Q  possesses 
excellent  performance  characteristics  that 
provide  outstanding  frequency  response 
and  separation  beyond  50  kHz.  These 
improvements  make  possible  the  most 
faithful  reproduction  of  the  30  kHz  FM- 
modulated  material  on  discrete  records. 

It  is  noteworthy  that  Pickering’s  exclusive, 
new  design  development,  which 
provides  superior  4-channel  discrete 
performance,  also  greatly  enhances  the 
reproduction  of  stereo  records. 

The  XUV/4500Q  features  Pickering's 
patented  Quadrahedral®  stylus  assembly. 
The  Quadrahedral  stylus  assembly  incor¬ 
porates  those  features  that  produce 
extended  trocejAJoility'"  for  4-channel  as 
well  as  stereo.  This  means  that  it  possesses 
not  only  superior  performance  in  low  fre¬ 
quency  tracking,  but  also  in  high  frequency 
tracing  ability.  When  combined  with  the 
exclusive  Quadrahedron™  stylus  tip, 
a  brand  new  shape,  it  can  truly  be  called: 
"the  Source  of  perfection  in  Sound",  whether 
the  playback  requirement  is  stereo,  SQ,  QS 
or  discrete  4-channel. 

The  specifications  are  so  exciting 
that  we  hope  you  will  write  to 
Pickering  and  Company,  Inc.,  Dept.  PE 
101  Sunnyside  Blvd.,  Plainview, 

New  York  1 1803  for  further  information. 


“for  those  who  can  ihearl  the  difference" 


Frankly,  perfection  doesn't  come  easily. 

Pickering’s  engineers  pursued  the  idea 
of  a  totally  new  departure  in  cartridge 
design  with  all  the  zeal  of  true  crusaders. 

They  had  a  reason  . . .  there  was  a 
demand  for  a  pickup  to  play  both  stereo 
and  discrete  (as  well  as  SQ  and  QS)  with 
total  and  absolute  precision  at  one  gram. 


The  source  of  perfection 
in  sound  ...tracks  at 
one  gram  (or  less)  in  stereo 
and  discrete. 


©  PICKERING 


CIRCLE  NO.  34  ON  READER  SERVICE  CARO 


Introducing  the  601. 

Dual's  first  medium-priced  single-play 
turntable  (fully  automatic,  of  course.) 


With  the  601,  Dual  introduces  its  second 
fully  automatic  single-ploy  turntable.  Like  the 
first,  the  electronic  direct-drive  701,  it  shares 
several  features  with  Dual’s  familiar  multiple- 
ploy  turntables,  and  offers  a  number  of 
innovations  as  well 

The  601  drive  system  consists  of  an  8  pole 
synchronous  motor,  developed  especially  for 
this  new  model,  and  a  precision-ground  belt 
running  directly  from  the  drive  shaft  to  a 
flywheel  beneath  the  12- inch  dynamically 
balanced  platter  The  motor's  absolute  speed 
constancy,  its  exceptional  smoothness,  and 
the  isolation  of  the  platter  from  the  motor 
combine  to  reduce  wow,  flutter  and  rumble 
loan  insignificant  level 


The  601s  8&"  tonearm  is  suspended  in 
the  same  low-friction  double  gimbal  as  the 
more  costly  701  Operation  of  the  tonearm  is 
optionally  fully-outomatic,  manual  or 
continuous  repeat. 

Variable  pitch  control  is  provided  for  both 
speeds,  ond  an  illuminated  strobe  is  built 
into  the  chassis  The  anti-skating  system 
has  seporatecalibrations  for  conical,  elliptical 
and  CD-4  style 

The  high  level  of  performance  and  quality 
for  which  Dual  turntables  have  been  known  for 
years  is  incorporated  in  the  601  Thus,  music 
lovers  who  desire  a  single-play  turntable  in 
the  medium-price  range,  with  Dual  precision 
and  performance,  now  have  it. 


United  Audio  Products,  120  5a  Columbus  Ave.,  Mt  Vernon,  N.Y.  10553 

Exclusive  IJ.S  Distribution  Agency  Ear  Dual 
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